Section 5

Status of the Species

This section describes the biology and distribution of the proposed, threatened, and
endangered species occurring within the Seattle action areas (see Figure 1):

Puget Sound Chinook salmon — Threatened
Coastal-Puget Sound bull trout — Threatened

Bald eagle: Pacific population — Threatened

Killer whale: Southern Resident — Endangered

Steller sealion: North Pacific population — Threatened
Humpback whale — Endangered

Marbled murrelet — Threatened

Puget Sound steelhead — Threatened.

The action areas for this Seattle Biological Evaluation are the 7 major drainage basins
within Seattle (see Figure 1):

1. Elliott Bay

L ake Washington Ship Cana
Lower Green/Duwamish
North Sesttle/Puget Sound
North Lake Washington
South Seattle/Puget Sound
South Lake Washington.

N o g~ 0D

These drainage basins are located along major waterbodies and correlated with the 5
major creek systemswithin the City of Seattle: Thornton, Taylor, Longfellow, Fauntleroy
and Piper’s creeks. Figure 2 shows where al surface water drainsin Seattle. The areas
shown in white drain only to a sewage treatment plant.
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Before the potential effects of the proposed actions can be analyzed, it isimportant to
understand how the species currently use the action areas. * Action area refersto the area
affected by the actions covered in the Seattle Biological Evaluation. There are 7 action
areas for the Seattle Biological Evaluation, and they are termed the ‘ Seattle action areas’
in this document (see Figure 1). Of the listed and proposed species, the Chinook salmon,
bull trout, bald eagle, and killer whale reside in the Seattle action areas. The humpback
whale, Steller sealion, and marbled murrelet do not inhabit the Seattle action areas, but
an occasional migratory animal may be observed. Table 5-1 summarizes the status of the
listed species within the Seattle action areas.
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Table 5-1

Summary status of the species for Seattle action areas (Consult a scientist for the latest information.)

Species

Action areas

Species in system

Critical habitat

Puget Sound
Chinook salmon

Ship Canal, North Lake
Washington, and South

2 populations:
- Sammamish River

Lake Washington and
Ship Canal

Oncorhynchus tshawytscha Lake Washington - Cedar River
Threatened
Lower 1 population: Duwamish River

Green/Duwamish

Duwamish/Green River

Estuarine and marine
waters of Puget Sound
including action areas
of Elliott Bay, North
Seattle/Puget Sound
and South
Seattle/Puget Sound

Puget Sound Chinook
salmon from throughout
ESU may be present in
marine and estuarine
waters

Inshore marine nearshore:

MHHW, including tidally
influenced freshwater
heads of estuaries.
Offshore marine
nearshore extends from
extreme high water out to
a depth no greater than 98
ft (30 m) relative to MLLW

Coastal-Puget Sound bull
trout

Salvelinus confluentus
Threatened

"

Ship Canal, North Lake
Washington, and South
Lake Washington

Bull trout from
throughout DPS may be
present in Lake
Washington and Ship
Canal action area

Lake Washington and
Ship Canal

Lower
Green/Duwamish

Bull trout from
throughout DPS may be
present in Lower
Green/Duwamish action
area.

Duwamish River

Estuarine/marine
waters of Puget Sound
including action areas:
Elliot Bay, North
Seattle/Puget Sound
and South
Seattle/Puget Sound

Bull trout from
throughout DPS may be
present in Lower
Green/Duwamish action
area

Inshore marine nearshore:
MHHW line, including
tidally influenced
freshwater heads of
estuaries

Offshore marine
nearshore: extent of photic
zone 33 ft (10 m)

Bald eagle
Haliaeetus leucocephalus
Threatened

Uses all action areas

Pacific population
Nests in all action areas
except Elliott Bay

No designated critical
habitat
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Table 5-1 cont.

Summary status of the species for Seattle action areas (Consult your scientist for the latest information.)

Species Action areas Species present in | Critical habitat
system
Killer whale North Seattle/Puget Southern Resident: J On June 15, 2006, critical habitat
Orcinus orca Sound, Elliott Bay, Pod was proposed for Southern
and South Resident killer whales. Proposed
Endagered Seattle/Puget Sound designated habitat includes all

waters in Puget Sound deeper than
20 ft (6.1 m)

Steller sea lion

North Seattle/Puget

North Pacific

No critical habitat is designated in

Eumetopias jubatus Sound, Elliott Bay, population Washington
and South
UIIEETEE Seattle/Puget Sound
Humpback whale North Seattle/Puget No critical habitat has been
Megaptera novaeangliae Sound, Elliott Bay, designated for the humpback whale
and South
Elldanueicd Seattle/Puget Sound
Marbled murrelet North Seattle/Puget 99.8% of designated critical habitat
Brachyramphus marmoratus | Sound, Elliott Bay, is located on federal lands in upper
et and South portions of watersheds. Marine
Seattle/Puget Sound environments were not designated
Puget Sound steelhead Ship Canal. North 4 spawning None proposed at this time
Oncorhynchus mykiss Lake Washington, populations:

Threatened South Lake Lake Washington,
Washington Cedar River, Lake
m Sammamish,
Sammamish River
Lower 2 stocks: Summer run, | None proposed at this time

Green/Duwamish

winter run

Estuarine and
marine waters of
Puget Sound

Steelhead
throughout DPS may
be present

None proposed at this time
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5.1 Puget Sound Chinook Salmon

5.1.1 Listing and Critical Habitat Designation

Chinook salmon (Oncorhynchus tshawytscha)

were designated threatened on March 24, 1999 (64
FR 14307). The threatened status was reaffirmed on
June 28, 2005 (70 FR 37160). Chinook salmon are
Pacific salmon and belong to the scientific family
Salmonidae. The ESA allowsllisting of ‘distinct population segments (DPS) of
vertebrates. For agroup of salmon populations to be a DSP they must be an
evolutionarily significant unit or what is called an ESU. Scientists have established 2
criteriafor ESUs:

1. The population must show substantial reproductive isolation

2. There must be an important component of the evolutionary legacy of the species
aswhole.

The Puget Sound ESU is comprised of 31 historically quasi-independent popul ations of
Chinook salmon, of which 22 are believed to be existing (PSTRT 2001, 2002, Good et al.
2005). The populations presumed to be extinct were mostly early-returning fish. Most of
these were in the mid- to southern parts of Puget Sound, Hood Canal and the Straits of
Juan de Fuca.

The Puget Sound ESU encompasses all runs of Chinook salmon in the Puget Sound
region from the North Fork Nooksack River to the Elwha River on the Olympic
Peninsula. Chinook salmon are found in most riversin this region. The boundaries of the
Puget Sound ESU correspond generally with the boundaries of the Puget Lowland
Ecoregion. Despite being in the rain-shadow of the Olympic Mountains, the river systems
in this area maintain high flow rates due to melting snowpack in the Cascade Mountains.
The Elwha River, which isin the Coastal Ecoregion, isthe only system in this ESU that
lies outside the Puget Sound Ecoregion. Previous assessments of stocks within the Puget

Sound ESU have identified several stocks asbeing ‘at risk’ or ‘of concern.” Long-term
trends (~1952 to 2002) in abundance and median population growth rates for naturally
spawning populations of Chinook salmon in Puget Sound indicate that about half of the
populations are declining, and half are increasing in abundance (Good et al. 2005). Four
of 22 populations have declining abundance over the short term (1990 to 2002), but 11
populations show declining population growth rates when strays from hatchery salmon
are incorporated into the analysis.

NMFS designated critical habitat for this ESU on September 2, 2005 (70 FR 52630).
Critical habitat is defined in section 3 of the ESA asthe following:
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“ (i) the specific areas within the geographical area occupied by a species, at the
timeitislisted in accordance with the ESA, on which are found those physical or
biological features (1) essential to the conservation of the species, and (1) which
may require special management considerations or protection; and (ii) specific
areas outside the geographic area occupied by a species at the timeit islisted,
upon a determination that such areas are essential for the conservation of the
species.”

‘Conservation’ is defined by the ESA as the use of all methods and procedures necessary
to bring any endangered or a threatened species to the point at which the measures
provided under the ESA are no longer necessary.

To beincluded in acritical habitat designation, habitat must be ‘ essentia to the
conservation of the species.” Critical habitat designations identify, to the extent known
and using the best scientific data available, habitat areas that provide at least 1 physical or
biological feature essential to the conservation of the species. These physical or

biological features are known as ‘ primary constituent elements (PCES) as defined by 50
CFR 424.12(b).

Critical habitat boundaries for Puget Sound Chinook salmon include stream channels
within the designated stream reaches, and include alateral extent as defined by the OHW
(33CFR 319.11).

Figure 3 shows the designated critical habitat areas for Southern Resident killer whale,
Puget Sound Chinook salmon and bull trout within City of Seattle boundaries.

In areas where OHW has not been defined, the lateral extent of critical habitat will be
defined by the bankfull elevation. Bankfull elevation isthe level at which water beginsto
leave the channel and move into the floodplain. The bankfull level isreached at a
discharge that generally recurs at an interval of 1 to 2 years on the annual flood series.
Critical habitat in lake areas is defined by the perimeter of the waterbody as displayed on
standard 1:24,000 scale topographic maps or the elevation of OHW, whichever is greater.
In estuarine and nearshore marine areas, critical habitat includes areas contiguous with
the shoreline from the line of extreme high water out to a depth no greater than 98 feet
(30 m) relativeto MLLW.

The following are the 6 primary constituent elements (PCEs) for Puget Sound Chinook
salmon ESU critical habitat:

Puget Sound Chinook Salmon PCE #1: Freshwater spawning sites with water
quantity and quality conditions and substrate supporting spawning, incubation
and larval development. There are no freshwater spawning sites within the
Sesttle action areas.
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Puget Sound Chinook Salmon PCE #2: Freshwater rearing sites with water
quantity and floodplain connectivity to form and maintain physical habitat
conditions and support juvenile growth and mobility; water quality and forage
supporting juvenile development; and natural cover such as shade, submerged
and overhanging large wood, log jams and beaver dams, aquatic vegetation, large
rocks and boulders, side channels and undercut banks.

Puget Sound Chinook Salmon PCE #3: Freshwater migration corridors free of
obstruction with water quantity and quality conditions and natural cover such as
submerged and overhanging large wood, aquatic vegetation, large rocks and
boulders, side channels, and undercut banks supporting juvenile and adult
mobility and survival.

Puget Sound Chinook Salmon PCE #4: Estuarine areas free of obstruction and
excessive predation with water quality, water quantity, and salinity conditions
supporting juvenile and adult physiological transitions between fresh- and
saltwater; natural cover such as submerged and overhanging large wood, aquatic
vegetation, large rocks and boulders, and side channels; and juvenile and adult
forage, including aquatic invertebrates and fish, supporting growth and
maturation.

Puget Sound Chinook Salmon PCE #5: Nearshore marine areas free of
obstruction with water quality and quantity conditions and forage, including
aquatic invertebrates and fish, supporting growth and maturation; and natural
cover such as submerged and overhanging large wood, aquatic vegetation, large
rocks and boulders, and side channels.

Puget Sound Chinook Salmon PCE #6: Offshore marine areas with water
quality conditions and forage, including aquatic invertebrates and fish,
supporting growth and maturation.

NMFS has analyzed habitat areas within 61 occupied watershedsin 15 associated

subbasins, as well as the nearshore marine areas in Puget Sound (Table 5-2).

Table 5-2

Dits)igr?ated critical habitat subbasins for Puget Sound Chinook salmon
Nooksack Upper Skagit Sauk

Lower Skagit Stillaguamish Skykomish

Snoqualmie Snohomish Lake Washington
Duwamish Puyallup Nisqually

Skokomish Hood Canal Dungeness/Elwha
Nearshore marine areas

www.seattle.gov/util
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5.1.2 Species Information

5.1.2.1 Life History

Chinook salmon have a complex lifecycle that spans avariety of fresh and saltwater
habitats. They are anadromous fish, which means that they migrate up rivers from the
ocean to breed in freshwater. Pacific salmon are in the scientific genus Oncor hynchus,
which includes pink, sockeye, chum, Chinook and coho salmon, steelhead, and rainbow
trout. Salmon fry emerge from spawning gravelsin inland streams and rivers, migrate to
coastal estuaries, and then disperse into ocean waters to grow. Once mature, they reverse
their course, returning through the estuaries, fighting their way back upriver to the very
streams where they emerged, to reproduce, die, and begin the cycle again.

The largest of any salmon (Netboy 1958), Chinook salmon exhibit the most complex life
history strategies of all salmonids. Healey (1986) described 16 age categories for
Chinook salmon, 7 total ages with 3 possible freshwater ages. Two generalized
freshwater life-history types were initialy described by Gilbert (1912):

Stream-type Chinook salmon that reside in freshwater for ayear or more
following emergence

Ocean-type Chinook salmon that migrate to the ocean within their first year.

Healey (1983, 1991) has promoted the use of broader definitions for ocean-type and
stream-type to describe 2 distinct races of Chinook salmon. This racial approach
incorporates life-history traits, geographic distribution, genetic differentiation, and gives
aframe of reference for comparisons of Chinook salmon populations. The generalized
life history of Chinook salmon involves incubation, hatching, and emergencein
freshwater, migration to the ocean, and subsequent initiation of maturation and return to
freshwater for completion of maturation and spawning.

Spring-run Chinook salmon in the Puget Sound ESU typically have a high proportion of
yearling smolt emigrants. Summer- and fall-run Chinook salmon typically smolt as
subyearlings, but some systems produce yearling smolts. Y ear-to-year variationsin smolt
age are likely determined by variations in environmental conditions, whereas mean age of
smoltsislikely determined by genetic factors. Summer and fall runs tend to mature at
ages 3 and 4 and exhibit similar, coastally-oriented, ocean migration patterns.

The most recent 5-year geometric mean natural spawner numbers in populations of Puget
Sound Chinook salmon range from 222 to 9,489 fish (Good et a. 2005). Most
populations contain hundreds of natural spawners (median recent natural escapement =
766). Of the 10 Puget Sound Chinook salmon populations with more than 1,000 natural
spawners, only 2 are thought to have alow fraction of hatchery fish. Estimates of
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historical equilibrium abundance, from pre-settlement habitat conditions, range from
1,700 to 51,000 potential Chinook salmon spawners per population.* The historical
estimates of spawner capacity are several orders of magnitude higher than realized
spawner abundances currently observed throughout the Puget Sound ESU (Good et al.
2005).

5.1.2.2 Factors for Decline

Factors for decline include human activities that have blocked or reduced access to
historical spawning grounds and altered downstream flow and thermal conditions. In
general, upper tributaries have been impacted by forest practices while lower tributaries
and mainstem rivers have been influenced by agriculture and urbanization. Diking for
flood control, draining and filling of freshwater and estuarine wetlands, and
sedimentation due to forest practices and urban development are cited as problems
throughout the ESU (WDF et al. 1993). Blockages by dams, water diversions, and shifts
in flow regime due to hydroel ectric devel opment and flood control projects are major
habitat problemsin severa basins. Bishop and Morgan (1996) identified a variety of
critical habitat issues for streams in the Puget Sound ESU range:

1. Changesinflow regime (all basins)
Sedimentation (all basins)

High temperatures in some streams
Streambed instability

Estuarine loss

Loss of large woody debrisin some streams

Loss of pool habitat in some streams

© N o g~ w DN

Blockage or passage problems associated with dams or other structures

9. Decreased gravel recruitment.

These impacts on the spawning and rearing environment may also have had an effect on
the expression of many life-history traits and masked or exaggerated the distinctiveness
of many stocks. The Puget Sound Salmon Stock Review Group (PFMC 1997) concluded
that reductions in habitat capacity and quality have contributed to low survival and
abundance of Puget Sound Chinook salmon. It cited evidence of direct losses of tributary
and mainstem habitat due to the following:

Dams

Loss of dough and side-channel habitat caused by diking, dredging, and
hydromodification

Reductions in habitat quality due to land management activities.

! Equilibrium abundance is the abundance on a recruitment curve where recruitment of adults equals the
number of parents that produced them. Continual spawning levels that achieve equilibrium abundances are
high and by definition cannot support salmon fisheries (lower spawning escapements lead to less
competition, higher survival rates, and a potential to support fisheries).
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The artificia propagation of fall-run stocksis widespread throughout this region.
Summer/fall Chinook salmon transfers between watersheds within and outside the region
were commonplace during the early to mid-1900s. Chinook salmon originating from the
Green River hatchery were commonly planted in many watersheds in Puget Sound,
especially south Puget Sound streams. Nearly 2 billion Chinook salmon have been
released into Puget Sound tributaries since the 1950s. Most of these have been from local
returning fall-run adults. Returns to hatcheries have accounted for 57% of the total
spawning escapement. However, the hatchery contribution to spawner escapement is
probably much higher due to hatchery-derived strays on the spawning grounds. The
electrophoretic (physical-chemical) similarity between Green River fall-run Chinook
salmon and several other fall-run stocks in Puget Sound suggests a significant and lasting
effect from some hatchery transplants (Marshall et al. 1995). Overall, the pervasive use of
Green River stock throughout much of the extensive hatchery network in this ESU may
reduce the genetic diversity and fitness of naturally spawning populations.

Nehlsen et al. (1991) identified 4 stocks as extinct, 4 stocks as possibly extinct, 6 stocks
as at high risk of extinction, 1 stock as at moderate risk, and 1 stock of special concern.
Harvest rates on Puget Sound Chinook salmon populations averaged 75% (median =
85%; range 31-92%) in the earliest 5 years of data availability and have dropped to an
average of 44% (median = 45%; range 26-63%) in the most recent 5-year period (Good et
al. 2005).2

Abundance of natural-spawning Chinook salmon in this ESU has declined substantially
from historical levels. Many populations are small enough that genetic and demographic
risks are likely to be relatively high. Both long- and short-term trends in abundance are
mainly downward, and several populations are exhibiting severe short-term declines.
Spring-run Chinook salmon populations throughout the Puget Sound ESU are all
depressed.

Other concerns noted by NMFS s Biological Review Team, who drafted the status of the
Chinook salmon populations, are the following:

Concentration of most natural production of Chinook salmon arein just 2 basins
(Skagit River and Snoqualmie River, including the Skykomish River)

High levels of hatchery production in many areas of the ESU

Widespread loss of estuary and lower floodplain habitat diversity and, likely,
associated life-history types.

Populations in this ESU have not experienced the sharp increasesin the late 1990s seen
in many other ESUs, though more populations have increased than decreased since the
last Biological Review Team assessment. Marine conditions are known to have a strong
effect on survival of Puget Sound Chinook salmon (Mahnken et al. 1998, Ruggerone and

2 Theearliest 5 years of data vary with the 22 populations. The earliest data begin in 1969 (7 populations),
1971 (1 population), 1972 (3 populations), 1977 (1 population), 1979 (2 populations), 1981 (1 population),
1982 (3 populations), 1984 (2 populations), and 1985 (2 populations). The 5-year most recent period is 1994
—1998 for al populations.
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Goetz 2004). After adjusting for changesin harvest rates, however, trendsin productivity
are lessfavorable. Most populations are relatively small. Recent abundance within the
ESU isonly asmall fraction of estimated historic size.

5.1.2.3 Habitat Requirements

Chinook salmon require varied habitats during different phases of their lifecycle.
Spawning habitat typically consists of riffles and the tailouts of poolswith clean
substrates dominated by gravel located in the mainstem of rivers and large tributaries
(Cramer et al. 1999, Schuett-Hames and Pleus 1996). Chinook salmon are most
frequently observed spawning in water with adaily average temperature ranging from 39°
to 57° F (4-14° C). Juvenile Chinook salmon usually rear in water with temperatures
ranging from 50° to 63° F (10-17° C) (USEPA 2003). Chinook salmon typically spend 1
to 5 months rearing in freshwater before migrating to the ocean, where they typically
spend 1 to 6 years maturing. Chinook salmon may spend up to 1 year in freshwater when
environmental conditions are not favorable for migration (Myers et al. 1998a).

Juvenile Chinook salmon require estuarine and nearshore marine habitat for migration,
foraging, refuge, and osmoregulation processes (physiological transition to saltwater).
Juveniles spend from 1 to 6 weeksin estuarine habitat before migrating into marine
waters (Williams et a. 2001, Ruggerone and VVolk 2004). Juveniles rely on shallow
nearshore habitats such as eelgrass meadows, intertidal flats, tidal marshes, and subtidal
channels near estuaries (Steelquist 1992). Once juvenile Chinook salmon are large
enough to eat small fish and have grown larger than most prey, they move away from
shore into deeper marine waters.

Chinook salmon are opportunistic feeders. Juveniles prey on awide variety of food such
as benthic, epibenthic, and pelagic crustaceans, as well asinsects, fish larva, and juvenile
fish. While in the estuarine and marine environment, adult salmon feed on forage fish
such as surf smelt, longfin smelt, Pacific sandlance and herring.

5.1.3 Species Occurrence in Action Areas

5.1.3.1 Lake Washington Ship Canal, North Lake
Washington, South Lake Washington

The Lake Washington Ship Canal (Ship Canal), North Lake Washington, and South Lake
Washington action areas are combined because they comprise the western portion of the
Lake Washington basin. Designated critical habitat for these action areas includes Lake
Washington and the Ship Canal. As defined by the Puget Sound Technical Recovery
Team, 2 populations of the Puget Sound Chinook salmon ESU are present in the Lake
Washington basin (Ruckelshaus et al. 2006):
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1. Sammamish River population includes Issagquah Creek, a composite population at
least partially sustained by production from the I ssaguah hatchery, and north
L ake Washington tributaries.

2. Cedar River population.

Current Range

Within the tributaries of the Ship Canal, North Lake Washington, and South Lake
Washington action areas, Chinook salmon are found only within Thornton Creek.
Chinook salmon have been observed in the delta and lower reach of Taylor Creek. These
fish may be juveniles migrating from the Cedar River and are using the shoreline habitat
along the south end of Lake Washington (R. Tabor, USFWS, pers. comm. 2004).
Chinook salmon are also found in Lake Washington and the Ship Canal.

Thornton Creek

Thornton Creek within the North Lake Washington action area contains small numbers of
Chinook salmon. Historically, Thornton Creek probably had Chinook in the mainstem,
and perhaps the lower reaches of the forks (Trotter 2002). Washington Department of
Fisheries (WDFW) salmon spawning ground surveys data had counts of 2 to 10 adultsin
1976, and 1981. In addition, Thornton Creek received state releases of hatchery reared
Chinook salmon on and off from 1977 to 1994, mostly from the University of
Washington hatchery in Portage Bay (WDFW fish stocking records). The City of Seattle
has been conducting salmon surveys in Thornton Creek since 1999. Between 1999 and
2005, up to 6 live Chinook salmon and 2 to 7 carcasses have been found in Thornton
Creek (McMillan 2006). About half of these were identified as hatchery strays because of
clipped adipose fins (McMillan 2006).

Spawning within Thornton Creek occurs mainly downstream of the confluence of the
North and South branches to L ake Washington. About 20 total Chinook salmon redds
have been observed in Thornton Creek from 1999 to 2005 (McMillan 2006). Of these,
about one-third were located in the mainstem between the confluence and the outlet of
the Meadowbrook Pond forebay (38th Avenue NE). Only afew were found in the forks,
and more were found in the North Branch than found in the South Branch (McMillan
2006). The most upstream Seattle Public Utilities spawning survey sightings of an adult
Chinook salmon in Thornton Creek were located downstream of the confluence of
Kramer Creek at 30th Avenue NE on the South Branch, and downstream of the
confluence of Little-brook Creek on the North Branch, at NE 113th Street (McMillan
2006).

In 2002, afish ladder was constructed to remove a 3-foot (0.9-m) fish barrier in South
Branch Thornton Creek at Lake City Way. Since construction of the fish ladder, citizens
have reported 2 sightings of Chinook salmon upstream of the fish ladder. One was on
October 19, 2003, and another citizen photographed a live Chinook salmon just
downstream of 20th Avenue NE on October 22, 2003. These sightings may have been the
same fish. In addition, a King County/Salmon Watch member observed a Chinook
salmon on October 25, 2004, at the juncture of 20th Avenue NE and NE 100th Street.
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No information is available on emergent juvenile abundance (K. Lynch, SPU, pers.
comm. 2004). However, starting in spring 2000, the City of Seattle, in cooperation with
WDFW, conducted annual smolt trapping on Thornton Creek. The trapping survey is not
comprehensive, and samples only part of the season. Typicaly, these surveys occurred
during the first 2 weeks of May in an attempt to overlap with the peak outmigration
period of coho smolts. The trapping period lasted 5 to 15 days per year, except in 2004
when the trapping period was 25 days. Between 2001 and 2003, coho smolts averaged
about 5 to 10 per day. Since 2004, the average has dropped to less than 1 coho smolt per
day. In most years, Chinook smolt captures are generaly very low (0 to 2). However, in
2004, over 300 fish were captured (SPU smolt trapping data, K. Lynch, SPU, pers.
comm. 2004). In 2004, the smolt trap results showed a different pattern: a higher number
of Chinook salmon smolts (average of 12/day and 309 total), and very few coho (<1/day,
14 total) (SPU smolt trapping data). The trap was removed on May 25, 2004 to alow
peamouth adults to move upstream to spawn. It is not known why 2004 results differed
from the 2001 and 2003 data. One possibility was awarm spring in 2004, which might
have caused Chinook salmon to emerge sooner than usual. The numbers were low for
salmon smoalts in 2005 and 2006: <1 coho /day, and only 1 Chinook in 2005 (nonein
2006) (SPU smolt trapping data). Although the Salmon in the Classroom Program
discontinued releasing hatchery salmon fry in 1999, other hatchery salmon releases may
be occurring, which could affect the smolt trapping results.

Drainages Outside of City Limits

The Sammamish and Cedar River populations all have declined since peak returns during
the mid-1980s (Weitkamp et a. 2000). Adult returns have declined more than 8% per
year for each run, with the Cedar River run declining at 10.1% per year, the | ssaguah
Creek run at 8% per year, and the North Lake Washington tributary run at 16.6% per
year. Of the 23 populations of Chinook salmon in Puget Sound, the L ake Washington
populations were among the 5 popul ations showing the steepest declines (>5%/yr)
(Myerset al. 1998a). Spawning escapements of natural Lake Washington Chinook
salmon were exceptionally low during 1996 through 1998 (294 to 697 fish/yr) (S. Foley,
WDFW, pers. comm. 2005).

Migration

Several engineered changes within the Seattle action areas have had a profound impact
on migration of the species. The City of Seattle has conducted recent detailed studies on
the migration patterns of juvenile Chinook salmon. The following discussion reflects this
wealth of information.

Engineered Changes within the Watershed

The Cedar River Chinook salmon population has been greatly affected by the
construction of the Ship Canal. Built between 1911 and 1917, the Ship Canal rerouted the
rivers that fed and drained L ake Washington forcing the Cedar River Chinook salmon
juveniles to move into Lake Washington where they spend time rearing, then migrate
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through the Ship Canal, through the Hiram M. Chittenden Locksin Ballard (the Locks)
and into Puget Sound (reverse order for spawning adults).

Before construction of the Ship Canal, Cedar River Chinook salmon migrated through the
Cedar-Black-Green-Duwamish rivers for hundreds of generations, adapting to those
circumstances. Cedar River Chinook salmon were forced into the new system almost
instantly. Most Chinook salmon populations do not move through large lakes between
freshwater spawning grounds and saltwater rearing habitat. As aresult of the migration
pathway reorientation and a lake in the new migratory pathway, Cedar River Chinook
salmon stocks have remained at low levels for many generations.

Another consequence of the drainage system revision on Cedar River Chinook salmon
survival isthe lack of a brackish water transition zone. For most Chinook salmon stocks,
the estuary is an especially important transition zone in the migration from fresh- to
saltwater. The estuary provides essential resources such as food and salinity gradients
that aid in the transition from fresh to saltwater habitats. In the Lake Washington basin,
the estuary is extremely limited in Salmon Bay. Historically, Cedar River summer/fall
Chinook salmon smolts migrated out through the Duwamish estuary. With the rerouting
of the Cedar River into the Lake Washington in 1916, these smolts must migrate through
Salmon Bay, an area where amuch more rapid transition to saltwater occurs than that
which these fish evolved under (Kerwin 2001). Both juvenile and adult individuals are
forced to move abruptly from one salinity regime to another. The normal state of affairs
would be for migrants (juveniles or adults) to spend time in the brackish water interface
between salinity regimes (acclimation period) before moving from one salinity regime
into another. This may well contribute to an increase in mortality.

Adult Migration

Adult Chinook salmon spend, on average, 19 daysin the vicinity of the Locks during
their migration to Lake Washington basin spawning grounds (Fred Goetz, Corps, pers.
comm. 2005). They first arrive at the Locks in mid-June. The peak time of entry through
the Locks and into the Lake Washington basin occurs in mid- to late August and is
generally complete by early November. These fish spend only 1 to 2 days migrating from
the Locks to Lake Washington and take up temporary residence (days to 2 months) in

L ake Washington before entering upstream spawning areas. Lake Washington basin
summer/fall Chinook salmon stocks range in spawn timing from mid-September through
November (Kerwin 2001).

Juvenile Migration

Juvenile Chinook salmon outmigration to Lake Washington and the estuary occurs over a
broad time period. Typical juvenile summer/fall Chinook salmon outmigrate from
January through early July. However, the complete migratory time period for juvenile

L ake Washington summer/fall Chinook salmon is currently unknown. Typicaly, the

L ake Washington basin summer/fall Chinook salmon migrate within their first year of
life. Some juveniles remain in the lake for an additional year. No data show alarge
component of Lake Washington basin stock summer/fall Chinook salmon juveniles
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remain in freshwater for that additional year after emerging from the redds. However,
other Puget Sound Chinook salmon stocks (e.g., Snohomish summer Chinook salmon and
Snohomish fall Chinook salmon) produce a significant number of juvenilesthat do
remain in the freshwater environment for an additional year (Kerwin 2001).

L ake Washington and the Ship Canal provide rearing and foraging habitat for juvenile
salmon in avariety of ways. Many Chinook salmon young-of-year usethe lakefor 1to 5
months briefly as rearing habitat before outmigration. Some (a small percentage) appear
to stay for another year or 2 (DeVries 2005, Seiler et a. 2005). In years with larger winter
and early spring flows, alarge percentage of Chinook salmon fry may enter the lake from
late January through April, followed by smolts. While rearing, juvenile Chinook salmon
are shoreline oriented, using shallow water areas (< 3.2 feet or < 1m). When these fry
reach alarger size, they disperse to deeper water (3.2 to 19.6 feet or 1 to 6 m) (Fresh
2000, Piaskowski and Tabor 2001, Tabor et a. 2006) and begin migration towards the
Locks (Martz et al. 1996). Juvenile Chinook salmon spend between 2 to 4 weeks
migrating through the Ship Canal (DeVries 2005).

Seiler (1999) found that Chinook salmon preferred nighttime migration in the Cedar
River and Bear Creek. For the first 4 weeks of trap operation, beginning January 23,
weekly day/night ratios for Chinook salmon varied from 17% to 59% and declined as the
season progressed. Juvenile migration is different in the river than it isin the lake.
Juveniles rear in Lake Washington for 3 or more months. A comparison of the passage
timing data with lunar data for Lake Washington and the L ocks suggests a strong
correlation between moon location relative to the earth and emigration timing,
particularly for Chinook and coho salmon. This correlation appeared stronger than the
correlation between emigration and moon phase (illumination). Migration through the
Locks increased markedly within 1 or 2 days of the moon being at apogee (i.e., when the
moon is farthest from the earth). Emigration decreased by the time of the next apogee (R2
Resource Consultants 2002). Peak Chinook salmon smolt outmigration occurs in June
(Tabor et a. 2006).

Habitat Use

Tabor and Piaskowski (2002) and Tabor et al. (2003; 20043, b; 2006) investigated
nearshore habitat use of juvenile Chinook salmon, primarily in the littoral (intertidal)
zone. They sampled locations on the west shore of Lake Washington between the Cedar
River and Ship Canal, on Mercer Island and the eastern lake shoreline (12 sites total).
Snorkel surveys were conducted between January and June when use by juvenile
Chinook salmon typically occurs. Surveys found that numbers of juvenile Chinook
salmon in the nearshore areas of south Lake Washington increased substantially in early
March. During thistime, fish concentrate in the south end of the lake near the mouth of
the Cedar River and their numbers decline with increasing distance from the Cedar River
(Tabor et al. 20044, b; 2006). Behavior varies between night and day, with few fish
observed during daytime surveysin April and May (Tabor and Piaskowski 2002). During
the day, juvenile Chinook salmon were observed in aggregations (sometimes with
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sockeye), actively feeding at the surface. At night, Chinook salmon were no longer in an
aggregation, were inactive, and were usually on the bottom in shallow water, closeto
shore (Tabor and Piaskowski 2002, Tabor et al. 2003; 20044, b; 2006).

Habitat use by juvenile Chinook salmon varies somewhat between when they are fry
(March-April) and larger smolts (May-June). The studies found that juvenile Chinook
salmon fry preferred shallow depths, generally less than 1.6 feet (0.5m) deep, and areas
with gradual slopes (Piaskowski and Tabor 2001, Tabor and Piaskowski 2002, Tabor et
al. 2003; 20044, b; 2006). By mid-May when fish are larger, they appear to move into
deeper water. Sampling by Fresh (2000) found juvenile Chinook salmon expanding into
the limnetic (open water of freshwater zone) of the lake. Water depth and migratory
observations by Tabor et al. (2006) identified fish often feeding in water 6.5 to 13 feet (2-
4 m) deep and migrating adjacent to the shoreline in these similar water depths 6.8 to
14.7 feet (2.1-4.5 m). Chinook salmon fry primarily selected sand, while later in May and
June juveniles preferred both sand and gravel substrates. Coarser substrates such as
cobble and boulders are used by very few fish and appear to be avoided.

More juvenile Chinook salmon are found along unretained shorelines than are found
along armored shorelines (Paron and Nelson 2001, Piaskowski and Tabor 2001, Tabor
and Piaskowski 2002, Tabor et al. 2004b, 2006). The fish used armored sites that were
riprapped more than they used shorelines with a vertical bulkhead. Use of engineered
overwater structures—such as docks and piers—seemsto vary with fish size. Chinook
salmon fry can use docks and piers during the daytime when the fry are small (February-
March) (Tabor et al. 2003, 2004a). However, when fish grow larger, they avoid docks
and piers and even ater migrational direction to move into deeper water as they approach
docks and piers (Tabor and Piaskowski 2002; Tabor et al. 2004a; 2006).

Woody debrisis generally more associated with higher overall densities of juvenile
Chinook salmon than openwater sites during the daytime, with areverse trend observed
a night. In particular, avariety of different surveys from lakes Washington, Sammamish,
and Quinault indicate that overhead cover is an important habitat feature for small
Chinook salmon (Paron and Nelson 2001, Tabor et al. 2006). Results from overhead
vegetation and in-water small woody debris studies conducted between late March and
early April showed a significantly higher abundance of juvenile Chinook salmon during
the daytime in sections with both overhead vegetation and small woody debris than
sections with small woody debris or open sections (Tabor and Piaskowski 2002, Tabor et
al. 2004b, 2006). However, at night, 46% of all the Chinook salmon were in open water.
Of those, 65% were within areas with overhead vegetation/small woody debris and small
woody debrislocated in the open. Previous work in Lake Washington also indicated
Chinook salmon do not appear to extensively use cover as they increase in size (Tabor
and Piaskowski 2002, Tabor et al. 20044, 2006).

Studiesin May, when Chinook salmon were larger, found that few Chinook salmon used
overhead and small woody debris during either daytime or nighttime (Tabor and
Piaskowski 2002, Tabor et al. 2004a, 2006). Field observations indicate that woody
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debris and overhanging vegetation can be used by juveniles as cover when predators are
present (Tabor et al. 2006). Coho salmon exhibited similar use patternsin Lake
Sammamish, and were more strongly affiliated with woody debris than were Chinook
salmon.

Use of Non-Natal Tributaries

Studies indicate that juvenile Chinook salmon are attracted to non-natal tributariesin

L ake Washington, using either the creek mouth or the lowest reaches of the tributary
itself (Tabor et a. 2006). The use of non-natal tributaries is based on distance from the
natal river and size, with larger creeks (e.g., Taylor Creek) likely avoided because of
larger predatory fish in the area. Creek deltas offer preferred habitat, specifically shallow
water, gradual slopes, and sand substrates (Tabor et a. 2004b). Creek deltas may also
provide better foraging opportunities than adjacent lake shorelines. For example, Tabor et
al. (2006) found that the abundance of Chinook salmon increased during a high flow
event at May Creek, atributary to Lake Washington. During storms, an increase in prey
availability aswell as flow may attract Chinook salmon and other salmonids such as
cutthroat trout to lake tributaries.

In cases where Chinook salmon are using habitat within the tributary, use appears related
to the ability to access the creek and find refuge and forage (Tabor et al. 2006). Habitat
use studies within Johns Creeks, atributary to Lake Washington close to the Cedar River
mouth, found that Chinook salmon mostly used glides and scour pools (Tabor et al.
2004b, 2006). Fry density was greatest in glides during February and early March, but as
the fish grew, the density of fish in glides dramatically declined. When fish were found in
glides during late March and early April, they were ailmost always under overhanging
vegetation. Scour pools were used throughout the February to May study period, with
fish using shallow areasin February (edges and tailouts) and progressively moving into
the deepest areas of the pools by the end of March. Scour pool densities were greatest
April to May (Tabor et al. 2004b, 2006).

Diet

Diet studies of Chinook salmon in Lake Washington and Lake Sammamish illustrate that
juveniles are opportunistic feeders. Juvenile Chinook salmon consume awide variety of
prey items and appear to quickly switch to alocally abundant prey source (Tabor et al.
2006). Two major prey resources within Lake Washington are chironomids and a
zooplankton, Daphnia. While Daphniatypically do not become abundant in the lake until
June, chironomids are extremely abundant in the nearshore areas of Lake Washington
most of the year (Koehler 2002). Tabor et al. (2006) examined the diet of juvenile
Chinook salmon using lake shoreline reference sites and nearby lake tributaries to
determineif there were differences in the prey consumed between these habitats. The
studies found that there were not significant differences between Chinook salmon diets at
the 2 types of sites and that chironomid pupae and adults were the most important prey
item. This lack of alarge difference between diets at |akeshores and tributary mouthsis
likely due to a prevalence of chironomid pupae and adults in the system, making them an
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important food source regardless of location. Benthic insects (chironomid larvae and
mayfly nymphs) and terrestrial insects were more prevalent in Chinook salmon diets at
tributary mouths than at lakeshore sites. In addition, occasionally some prey types (i.e.,
springtails, larval black flies and rhyacophilid caddisflies) were consumed at tributary
mouth sites. In general, Chinook salmon diets at the tributary mouths had a wider variety
than those at |akeshore sites (Tabor et a. 2006). In addition, Chinook salmon eating
larval longfin smelt was documented at 1 tributary mouth (May Creek).

5.1.3.2 Lower Green/Duwamish

Chinook salmon migrating through the Duwamish River estuary were initialy divided
into 2 main stocks (WDFW and WWTIT 1994): 1) the Duwamish/Green River
summer/fall stock, and 2) the Duwamish/Green River-Newaukum Creek summer/fall
stock. However, NMFS (70 FR 52630) considered these stocks to be a single independent
population (Ruckelshaus et al. 2006).

Critical habitat extends from the estuary to the headwaters of the watershed, including
tributaries known to support Chinook salmon. Critical habitat for this action areaincludes
the Duwamish Waterway and the Duwamish River up to the city limit near river mile
(RM) 4.6. The City of Seattle has been conducting salmon surveysin Longfellow Creek
since 1999. Only 1 pair of Chinook salmon was recorded in Longfellow Creek in 2001,
along with 1 possible Chinook salmon redd (McMillan 2006).

Current Range

Spring Chinook salmon were historically present in the Green/Duwamish River basin.
However, little information is available to evaluate the distribution of spring Chinook
salmon in the watershed. It is possible the spring run was totally extirpated by the origina
construction effects of the Tacoma Headworks Dam in 1911, or became isolated from the
basin by the diversion of the White River in 1906 (Kerwin and Nelson 2000).

Chinook salmon are presently distributed up to the Tacoma Headworks Dam (RM 61)
and in several tributaries such as Soos and Newaukum creeks. The Muckleshoot Indian
tribe release hatchery Chinook salmon fry into streams upstream of Howard Hanson
Dam. Plans are being devel oped to transport adult salmon around the 2 dams and to
enable juvenile fish passage through the dams.

Abundance and Productivity

The number of adult Chinook salmon spawning in the Green /Duwamish watershed
averaged 9,286 fish during 1998 to 2002 (Goaod et a. 2005). The total number of adult
Chinook salmon spawning ranged from 6,170 to 13,950 during the same period.
However, a multi-year mark-recapture study indicated the spawning ground counts were
biased low and the average number of spawners was 13,815 fish during 1998 to 2002.
The estimated percentage of hatchery salmon on spawning grounds was 83% during
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1997-2001 (Good et a. 2005), indicating only a small fraction of fish on the spawning
grounds had originated from naturally spawning salmon.

Abundance of Chinook salmon includes fish returning to spawning areas plus those
caught in fisheries. During the most recent 5-year period, about 57% of returning salmon
were harvested in fisheries (Good et al. 2005). Thus, approximately 24,200 fish, on
average, were destined for spawning areas of the Green River if fisheries had not
occurred. Also, approximately 16,300 fish per year were destined for the hatchery.
However, only asmall portion of these fish were produced by naturally spawning
salmon.

Good et al. (2005) estimated that the long- and short-term trends of naturally spawning
Chinook salmon in the Green River is dightly positive. However, if the presence of
numerous hatchery strays on the spawning groundsisincluded in the analysis, then the
population growth rate is estimated to be in sharp decline. The effect of hatchery strays
on wild Chinook salmon production in systems such as the Green/Duwamish River was
identified in NMFS sreview as akey concern leading to the listing of Chinook salmon
(BRT 2003).

Adult Migration and Spawning

Adult Chinook salmon enter the Duwamish River from approximately mid-June through
October. After entering the river, many early migrating Chinook salmon hold in the lower
river areas (Duwamish to Kent area) until approximately mid-September, depending on
temperature and flow (Ruggerone et al. 2004). Holding occursin low velocity areas of
the river, which are upstream of the action area. Water temperature, which isinfluenced
by air temperature and long water residence time (related to flow), may reach stressful
levels (72-77°F or 22-25°C) during this holding period (Kerwin and Nelson 2000). Initial
movement of most fish on to the spawning grounds typically coincides with a freshet
(autumn rain storms). Mainstem spawning in the Green River occurs between RM 24 and
RM 61.

Juvenile Migration and Habitat Use

Juvenile Chinook salmon typically begin emerging from gravelsin January. Seaward
migration timing of subyearling Chinook salmon from the spawning reaches of Puget
Sound watersheds tends to be bimodal. Some Chinook salmon fry begin moving
downstream soon after emergence (typically the majority), whereas others remain upriver
to rear in areas closer to the spawning grounds (Nelson et al. 2004). During 2000,
approximately 68% of the juvenile Chinook salmon sampled at RM 34.5 migrated during
January 1 to April 15 (‘fry migrants'), whereas 32% migrated during April 16 to July 13
(‘fingerling migrants'). Peak migration of fry typically occursin early March, followed
by few fish migrating during late March through April, and then fingerlings migrating
May through early July. Size of ‘fry migrants' was approximately 1.4 to 1.8 inches (35-
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45) mm, whereas size of the later migrating ‘fingerling migrants' increased over time
from 1.5 to 3.7 inches (46 mm to 93 mm).

Brackish marine water typically extends up to RM 6.5, although extreme high tides may
carry saltwater further upriver. Chinook salmon fry begin entering marine areas of the
Duwamish in January, typically following a significant rain event. In 2005, salmon fry
were readily captured in nearshore areas of the lower Duwamish, but none were captured
in mid-channel areas using a 700-foot (213-m) long purse seine (SAIC et a. 2005).

Data collected in recent years indicate juvenile Chinook salmon (and other salmonids)
aggregate in the transition zone area where freshwater first mixes with marine waters
(Warner and Fritz 1995, Nelson et al. 2004). An intensive study in 2005 indicated the
area of relatively high densities of Chinook salmon extended from RM 4.7 to RM 6.5
(Ruggerone et al. 2006). Relatively low densities were observed in downstream areas,
such as Kellogg Island. Downstream of the transition zone, juvenile Chinook salmon
typically reared in off-channel habitats for only 1 tide cycle (Ruggerone and Jeanes
2004). These data support the hypothesis that juvenile Chinook salmon acclimate and
rear in the transition zone, then migrate relatively rapidly through the lower Duwamish.

Juvenile Chinook salmon may be present in marine areas of the Duwamish during all
months of the year, as some juvenile salmon re-enter the waterway from Puget Sound
during summer through winter. During 2002, residence time of juvenile natural Chinook
salmon in marine areas of the Duwamish declined steadily from approximately 28 + 7
daysinlate May to 20 £ 7 daysin early June to 15 + 3 daysin late June, then increased
from 16 + 4 days in early July to 23 days in late July/mid-August to 58 + 13 daysin early
September (Ruggerone and Volk 2004). These data indicate the tendency for late
migrating Chinook salmon to spend relatively little time in the estuary, followed by re-
entry of Chinook salmon into the lower Duwamish from Puget Sound. Analyses of
coded-wire-tagged Chinook salmon indicated non-local Chinook salmon did not extend
upstream of Kellogg Island (Nelson et al. 2004).

Juvenile Diet and Growth

Analyses of Chinook salmon stomach contents indicate juveniles captured in mainstem
areas of the Duwamish estuary frequently consumed atypical prey compared with those
in less disturbed estuaries, whereas those captured in off-channel restoration areas
consumed more typical prey, including terrestrial insects (Ruggerone et al. 2004).
Additional data collected in 2005 support these observations (Ruggerone et al. 2006).

Growth rates of juvenile Chinook salmon, based on change in mean size each week,
suggest growth of Green/Duwamish Chinook salmon istypical of other Chinook salmon
populations where data have been collected. However, there was some evidence in 2003
that the release of 3 million hatchery Chinook salmon may have temporarily reduced
their growth (Nelson et al. 2004). Examination of daily otolith growth patterns indicated
growth in the marine areas of the Duwamish was positively correlated with the last 10
days of growth in freshwater (Ruggerone and Volk 2004). This finding provides evidence
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that conditions in freshwater can have a lingering effect upon salmon after entering the
estuary.

5.1.3.3 North Seattle/Puget Sound, Elliott Bay, and
South Seattle/Puget Sound

The North Seattle/Puget Sound, Elliott Bay, and South Seattle/Puget Sound action areas
are combined because they border Puget Sound. In Puget Sound, nearshore marine waters
are important for juvenile salmon rearing, growth and migration (Brennan et al. 2004,
Mavros and Brennan 2001, Williams et al. 2001, Nelson et al. 2004). Nearshore areas
also provide spawning habitat for forage fishes, which are important prey for older
salmon. The nearshore environment in these action areas is used by various Puget Sound
Chinook salmon stocks including the Snohomish River, Cedar River/Lake Washington,
Green/Duwamish River, and Puyallup River stocks. Critical habitat has been designated
for the nearshore extending aong the entire City of Seattle Puget Sound nearshore from
extreme high water to a depth of 98.4 feet (30 m) relativeto MLLW.

Current Range

No adult Chinook salmon have been documented during spawning surveysinitiated by
Seattle Public Utilitiesin 1999 in Piper's and Fauntleroy creeks, which flow directly into
Puget Sound (McMillan 2006). Six young-of-the-year Chinook salmon juveniles were
found in Lower Piper's Creek during a stream-typing survey in July 1999 (Washington
Trout 2000).

Collections with beach seines suggest that juvenile Chinook salmon are oriented to
shallow water habitat located close to shore. They are most abundant in intertidal flats
and shallow subtidal channels near estuarine and tidal marshes and eelgrass meadows
(Toft et a. 2004, Williams et a. 2001).

Migration

Studies on Chinook salmon use of Puget Sound have found that juveniles begin entering
into estuaries and the nearshore in late January and early February (Williams et a. 2001).
Peak migration into Puget Sound occurs in June and July (KCDNR 2001, Toft et al.
2003, Nelson et a. 2004). Juvenile Chinook salmon are found along the nearshore
through October. Current evidence suggests that Chinook salmon may use the nearshore
year-round. Mavros and Brennan (2001) sampled from the beginning of June through
mid-August and captured Chinook salmon throughout the sampling period. Toft et al.
(2004) sampled from mid-May through the first of August and captured Chinook salmon
throughout. Beamish et al. (1998) sampled offshore water and captured Chinook salmon
into September. Brennan et a. (2004) used beach seines to sample the nearshore of King
County, and they caught Chinook salmon in October of 2001 and 2002, but densities
were low.
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King County sampled juvenile Chinook salmon in avariety of nearshore habitats ranging
from Vashon Island to Picnic Point during May to October, 2001 and 2002. About 88%
of 58 Chinook salmon originating from Soos Creek Hatchery migrated south after
entering Puget Sound; few individuals were captured in nearshore waters of WRIA 8
(Brennan and Higgins 2004). In the Elliott Bay area, most juvenile Chinook salmon
captured after June were from Puget Sound watersheds other than the Duwamish
(Ruggerone et al. 2004). Nelson et al. (2004) reported that catch rates of juvenile
Chinook sailmon in Elliott Bay were considerably smaller than catch ratesin the
Duwamish estuary (RM 0to RM 7), reflecting rapid dispersal along marine habitats.

Diet, Growth, and Survival

Juvenile Chinook salmon are opportunistic foragersin Puget Sound, feeding on
epibenthic and pelagic invertebrates, insects (possibly from drift out of streams, marine
riparian vegetation, or recent feeding in freshwater), and small fishes. Ruggerone et al.
(2004) noted that many Chinook salmon captured off the Snohomish estuary had
consumed insects, which may imply that fish recently left the river, availability of marine
prey was somewhat low, or that marine riparian vegetation supplied insects to the
nearshore environment. Based on recent work by Brennan and Higgins (2004), Chinook
salmon under 6 inches (150 mm) ate a highly varied diet along the shores of King County
and Sesattle, while Chinook salmon larger than 6 inches (150 mm) ate mostly juvenile
fish. Chinook salmon under 6 inches (150 mm) consumed high amounts of polychaetes
early in their marine residence and high levels of insects later in the summer. The
polychaetes found in the diet were composed mostly of 1 species, which was typicaly
associated with shallow vegetated habitats (i.e., kelp and eelgrass). Anecdotal evidence
and studies in other regionsindicate that marine riparian areas are important areas for
insect prey production.

The importance of Puget Sound to juvenile Chinook salmon was highlighted in a recent
study that examined the release of 53 million coded-wire tagged Chinook salmon in the
Puget Sound region. This study found that that growth and survival of Puget Sound
Chinook salmon declined and age-at maturation was delayed when juvenile Chinook
salmon entered Puget Sound during even-numbered years along with numerous juvenile
pink salmon (produced by the dominant odd-year return of adult pink salmon)
(Ruggerone and Goetz 2004). Surviva of even-year Chinook salmon migrants was 62%
less than that of odd-year migrants during 1984 to 1997. Analysesindicated that the
growth and survival impacts occurred within Puget Sound and Georgia Strait and that
survival was influenced by the 1982/83 El Nino and subsequent climate events that
influenced prey production in marine waters. These findings suggest that the capacity of
Puget Sound to support Chinook salmon (i.e., food availability) may be reduced in some
years, but few data are available that examine food availability and/or growth of salmon
in Puget Sound over a series of years. The trophic interactions that influenced this
significant effect are poorly understood.
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5.2 Coastal-Puget Sound Bull Trout

5.2.1 Listing and Critical Habitat Designation

On November 1, 1999, the USFWS (USDI 19994) listed 5 DPSs of bull trout within the
coterminous United States as threatened:

Coastal-Puget Sound DPS
Columbia River DPS
Jarbridge River DPS

St. Mary-Belly River DPS
Klamath River DPS.
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On September 26, 2005, critical habitat was designated for the Coastal-Puget Sound DPS
of bull trout (Salvelinus confluentus) (70 FR 56212) (see Figure 3). The lateral extent of
the critical habitat boundaries for bull trout isthe
width of the stream channel as defined by the OHW.
In areas where the OHW has not been defined, the
width of the channél is defined by bankfull elevation.
In lakes and reservoirs, critical habitat is delineated
by the perimeter of the waterbody as mapped on
standard 1:24,000 scale maps. The inshore extent of critical habitat for marine nearshore
areas isthe MHHW, including tidally influenced freshwater heads of estuaries. The
offshore extent of critical habitat for marine nearshore areas is based on the extent of the
photic zone (depth to which sunlight can penetrate to permit photosynthesis), whichis
about 33 feet (10 m). See Figure 3 for amap of this area.
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The areas designated as critical habitat for the Coastal-Puget Sound DPS of bull trout are
designed to incorporate what is essential for their conservation. An areaneed not include
all 8 of the PCEs listed below to qualify for designation as critical habitat. All lands
identified as essential and designated as critical habitat contain 1 or more of the primary
constituent elements for bull trout.

The following are the 8 PCEs for the Coastal-Puget Sound DPS for bull trout critical
habitat:

Coastal-Puget Sound Bull Trout Critical Habitat PCE #1: Water
temperatures that support bull trout use. Bull trout have been documented in
streams with temperatures from 32° to 72° F (0-22° C) but are found more
frequently in temperatures ranging from 36° to 59° F (2-15° C) with adequate
thermal refugia available for temperatures at the upper end of thisrange. These
temperature ranges may vary depending on bull trout life-history stage and form,
geography, elevation, diurnal and seasonal variation, shade (such as that provided
by riparian habitat), and local groundwater influence.
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Coastal-Puget Sound Bull Trout Critical Habitat PCE #2: Complex stream
channels with features such as woody debris, side channels, pools, and undercut
banksto provide a variety of depths, velocities, and instream structures.

Coastal-Puget Sound Bull Trout Critical Habitat PCE #3: Substrates of
sufficient amount, size, and composition to ensure success of egg and embryo
overwinter survival, fry emergence, and young-of-the-year and juvenile survival.
This should include a minimal amount of fine substrate less than 0.25 inches
(0.63 cm) in diameter.

Coastal-Puget Sound Bull Trout Critical Habitat PCE #4: A natural
hydrograph, including peak, high, low, and base flows within historic ranges, or
if regulated, currently operate under a biological opinion that addresses bull trout,
or a hydrograph that demonstrates the ability to support bull trout populations by
minimizing daily and day-to-day fluctuations and minimizing departures from
the natural cycle of flow levels corresponding with seasonal variation.

Coastal-Puget Sound Bull Trout Critical Habitat PCE #5: Springs, seeps,
groundwater sources, and subsurface water connectivity to contribute to water
quality and quantity.

Coastal-Puget Sound Bull Trout Critical Habitat PCE #6: Migratory
corridors with minimal physical, biological, or water quality impediments
between spawning, rearing, overwintering, and foraging habitats, including
intermittent or seasonal barriersinduced by high water temperatures or low
flows.

Coastal-Puget Sound Bull Trout Critical Habitat PCE #7: An abundant food
base including terrestrial organisms of riparian origin, aguatic
macroinvertebrates, and forage fish.

Coastal-Puget Sound Bull Trout Critical Habitat PCE #8: Permanent water of
sufficient quantity and quality such that normal reproduction, growth and
survival are not inhibited.

Critical habitat units are patterned after recovery unitsidentified in the Draft Recovery
Plan (USFWS 2004) for the Coastal-Puget Sound DPS. The designated critical habitat
within the action areas are within the Puget Sound critical habitat unit (Unit 28). To be
included as critical habitat for bull trout, a critical habitat unit had to be occupied by the
species and contain sufficient PCEs to provide 1 or more of the following functions:

Spawning, rearing, foraging, or overwintering habitat to support existing bull
trout local populations

Movement corridors necessary for maintaining migratory life-history forms

Suitable occupied habitat that is essential for recovering the species.

The Puget Sound critical habitat unit includes both marine and freshwater habitats. It is
bordered by the Cascade Crest to the East, Puget Sound to the West, the Lower Columbia
and Olympic Peninsula Recovery Units to the South, and the United States-Canada
border to the North. The Draft Recovery Plan (USFWS 2004) identifies the need to
maintain the 57 local populations and 5 potential local populations. Freshwater and

www.seattle.gov/util Seattle Biological Evaluation by City of Seattle
5-26



marine foraging, migration, and overwintering habitats within the Puget Sound critical
habitat unit are essential for the recovery of bull trout distribution, abundance, and
productivity. These habitats are especially important for the amphidromous life-history
form in which bull trout migrate to and from marine and freshwater areas.

5.2.2 Species Information

5.2.2.1 Life History

Bull trout are amember of the char family and closely resemble another member of the
char family, Dolly Varden (S malma). Genetics indicate, however, that bull trout are
more closely related to an Asian char (S. leucomaenis) than to Dolly Varden (Pleyte et al.
1992). Bull trout are sympatric (originate and occupy the area) with Dolly Varden over
part of their range, most notably in British Columbia and the Coastal-Puget Sound region
of Washington.

Within the Coastal-Puget Sound DPS, current bull trout distribution is similar to the
historic distribution, but population abundance has significantly decreased in portions of
this range (USDI 1999a). Bull trout populations exhibit 4 distinct life-history types:
resident, fluvial, adfluvial, and anadromous. Resident, fluvial, and adfluvial forms exist
throughout the range of the bull trout (Rieman and Mclntyre 1993) and spend their entire
lifein freshwater. The only known anadromous form within the coterminous United
States occurs in the Coastal-Puget Sound region (Volk 2000, Kraemer 1994, Mongillo
1993). Highly migratory populations have been eliminated from many of the largest,
most productive river systems across their range. Many ‘resident’ bull trout presently
exist asisolated remnant populations in the headwaters of rivers that once supported
larger, more fecund migratory forms. These isolated remnant popul ations—which lack
connectivity to migratory populations—have alow likelihood of persistence (Rieman and
Allendorf 2001, Rieman and Mclntyre 1993).

Most growth and maturation occursin estuarine and marine waters for anadromous bull
trout, in lakes or reservoirs for adfluvia bull trout, and in large river systemsfor fluvial
bull trout. Resident bull trout populations are generally found in small headwater streams
where the fish spend their entire lives. These diverse life-history types are important to
the stability and viability of bull trout populations (Rieman and Mcintyre 1993).

For all life-history types, juveniles rear in tributary streamsfor 1 to 3 years before
migrating downstream into alarger river, lake, or estuary and/or nearshore marine areato
mature (Rieman and Mclintyre 1993). In some lake systems, juveniles may migrate
directly to lakes (Riehle et al. 1997). Juvenile and adult bull trout frequently inhabit side
channels, stream margins and pools with suitable cover (Sexauer and James 1993) and
areas with cold hyporheic zones or groundwater upwellings (Baxter and Hauer 2000).

Bull trout become sexually mature between 4 and 9 years of age and may spawn in
consecutive or alternate years (Pratt 1992, Shepard et al. 1984). Size of sexually maturity
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varieswith life-history type. Resident life-history forms typically mature at alength of
about 7.9 to 9.8 inches (20.6- 24.9 cm). Fluvia bull trout mature at an average length of
13.8 inches (35 cm) and anadromous bull trout at 16.7 inches (16.7 cm) (Kraemer 2003).
Spawning typically occurs from August through December in cold, low-gradient 1st- to
5th-order tributary streams, over loosely compacted gravel and cobble having
groundwater inflow (Shepard et al. 1984, Brown 1992, Rieman and Mclntyre 1996,
Swanberg 1997, MBTSG 1998, Baxter and Hauer 2000). Spawning sites frequently occur
near cover (Brown 1992). Migratory bull trout may begin their spawning migrations as
early as April and have been known to migrate upstream as far as 155 miles (250 km) to
spawning grounds (Fraley and Shepard 1989). Hatching occursin winter or early spring,
and alevins may stay in the gravel for up to 3 weeks before emerging from the gravel.
Thetotal time from egg deposition to fry emergence from the gravel may exceed 220
days. Post-spawning mortality, longevity, and repeat-spawning frequency are not well
known (Rieman and Mcintyre 1996), but lifespans may exceed 10 to 13 years (McPhall
and Murray 1979, Pratt 1992, Rieman and Mclntyre 1993).

Bull trout are apex predators and require alarge prey base and home range. Adult and
subadult migratory bull trout are primarily piscivorous, feeding on various trout and
salmon species, whitefish (Prosopium spp.), yellow perch (Perca flavescens), and sculpin
(Cottus spp.). Subadult and adult migratory bull trout move throughout and between
basinsin search of prey. Anadromous bull trout in the Coastal-Puget Sound DPS also
feed on ocean fish, such as surf smelt (Hypomesus pretiosus) and sandlance (Ammodytes
hexapterus). Resident and juvenile bull trout prey on terrestrial and aguatic insects,
macrozooplankton, amphipods, mysids, crayfish, and small fish (Wyman 1975, Boag
1987, Donald and Alger 1993, Goetz 1989, Rieman and Lukens 1979 in Rieman and
Mclntyre 1993). A recent study in the Cedar River Watershed of western Washington
found bull trout diets also consist of aguatic insects, crayfish, and salamanders (Connor et
al. 1997).

5.2.2.2 Factors for Decline

The following factors have contributed to the decline of bull trout populations identified
in thelisting rule (Bond 1992, Thomas 1992, Donald and Alger 1993, Rieman and
Mclntyre 1993, WDFW 1997):

Restriction of migratory routes by dams and other unnatural barriers
Forest management, grazing, and agricultural practices

Road construction

Mining

Introduction of nonnative species

Residential development resulting in adverse habitat modification, overharvest,
and poaching.
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In May, 2004, the USFWS issued a Draft Recovery Plan for the Coastal-Puget Sound
DPS (USFWS 2004). The Puget Sound Draft Recovery Plan identifies Lake Washington,
the Ship Canal, Lake Union, and the lower Duwamish River as proposed foraging,
migration and overwintering habitat. Foraging, migration, and overwintering habitat is
defined asrelatively large streams and mainstem rivers, including lakes or reservairs,
estuaries, and nearshore environments, where subadult and adult migratory bull trout
forage, migrate, mature, or overwinter (USFWS 2004). This habitat istypically
downstream from spawning and rearing habitat and contains al the physical elementsto
meet critical overwintering, spawning migration, and subadult and adult rearing needs.
Although use of foraging, migration and overwintering habitat by bull trout may be
seasonal or very brief (asin some migratory corridors), it isacritical habitat component.

The Coastal-Puget Sound DPS is significant to the species as awhole because it contains
the only anadromous forms of bull trout in the coterminous United States. Consequently,
this DPS supports bull trout in a unique ecological setting. Also unique to this population
segment is the overlap in distribution with Dolly Varden.

On September 26, 2005, critical habitat was designated for the Jarbidge River, Coastal-
Puget Sound, and Saint Mary-Belly River populations of bull trout (70 FR 56212). For
the Coastal-Puget Sound population, the designated critical habitat totals about 646 miles
(1,039 km) of streams, 25,035 acres (10,131 ha) of lakes, and 566 miles (912 km) of
marine shoreline in Washington. Within the action areas, critical habitat includes Lake
Washington, the Ship Canal, Lake Union, the Duwamish Waterway, Duwamish River,
and the estuarine and marine waters of Puget Sound (see Figure 3).

5.2.2.3 Habitat Requirements

Bull trout have more specific habitat requirements than other salmonids (Rieman and
Mclntyre 1993). Growth, survival, and long-term persistence depend on the following
habitat characteristics:

Cold water

Complex instream habitat

Stable substrate with alow percentage of fine sediments
High channel stability

Stream/population connectivity.

Stream temperature and substrate type, in particular, are critical factors for the sustained
long-term persistence of bull trout. Spawning is often associated with the coldest,
cleanest, and most complex stream reaches within basins. However, bull trout exhibit a
patchy distribution even in pristine habitats (Rieman and Mclntyre 1995). They should
not be expected to occupy all available habitats at the same time (Rieman et a. 1997).

While bull trout clearly prefer cold waters and nearly pristine habitat, it cannot be
assumed that they do not occur in streams where habitat is degraded. Given the depressed
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status of some subpopulations, it islikely that individualsin degraded rivers are using
less than optimal habitat because that may be al that is available. In basins with high
productivity, such as the Skagit River basin, bull trout may be using marginal areas when
optimal habitat becomes fully occupied (Kraemer 2003). Bull trout have been
documented using habitats that may be atypical or characterized as likely to be unsuitable
(USFWS 2000).

Temperature

For long-term persistence, bull trout populations need a stream temperature regime that
ensures sufficient amounts of cold water are present at the locations and during the times
needed to complete their lifecycle. Temperature is most frequently recognized as the
factor limiting bull trout distribution (Rieman and Mclntyre 1993, Dunham and Chandler
2001). Probability of occurrence for juvenile bull trout in Washington isrelatively high
(7%) when maximum daily temperatures did not exceed about 52° to 54° F (11-12° C)
(Dunham et a. 2001). Water temperature also seems to be an important factor in
determining early survival, with cold water temperatures resulting in higher egg survival
and faster growth rates for fry and juveniles (Pratt 1992). Optimum incubation
temperatures range from 36° to 43° F (2-6° C). At 46° to 50° F (8-10° C), survival ranged
from 0 to 20% (McPhail and Murray 1979). Tributary stream temperature requirements
for rearing juvenile bull trout are also quite low, ranging from 43° to 50° F (6-10° C)
(McPhail and Murray 1979, Goetz 1989, Pratt 1992, Buchanan and Gregory 1997).

Increases in stream temperatures can cause direct mortality, increased susceptibility to
disease or other sublethal effects and displacement by avoidance (Bonneau and
Scarnecchia 1996, McCullough et a. 2001). Temperature increases also increase
competition with species more tolerant of warm stream temperatures (MBTSG 1998,
Rieman and Mclntyre 1993). Brook trout (S. fontinalis), which can hybridize with bull
trout, may be more competitive than bull trout and displace them, especially in degraded
drainages containing fine sediment and higher water temperatures (Clancy 1993, Leary et
al. 1993). Recent laboratory studies suggest bull trout are at a particular competitive
disadvantage in competition with brook trout at temperatures greater than 54° F (12° C)
(McMahon et a. 2001).

Although bull trout require a narrow range of cold water temperatures to rear, migrate,
and reproduce, they are known to occur in larger, warmer river systems that may cool
seasonally, and that provide important migratory corridors and forage bases. For
migratory corridors, bull trout typically prefer water temperatures ranging between 50° to
54° F (10-12° C) (Buchanan and Gregory 1997, McPhail and Murray 1979). When bull
trout migrate through stream segments with higher water temperatures, they tend to seek
areas offering thermal refuge such as confluences with cold tributaries (Swanberg 1997),
deep pools, or locations with surface and groundwater exchangesin aluvial hyporheic
zones (Frissell 1999). Water temperatures above 59° F (15° C) are believed to limit bull
trout distribution, which partially explains their generally patchy distribution within a
watershed (Fraley and Shepard 1989, Rieman and Mclintyre 1995).
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Substrate

Bull trout show a strong affinity for stream bottoms and a preference for deep poolsin
cold water streams (Goetz 1989, Pratt 1992). Stream bottom and substrate composition
are highly important for juvenile rearing and spawning site selection (McPhail and
Murray 1979, Graham et a. 1981, Rieman and Mclntyre 1993). Fine sediments can
influence incubation survival and emergence success (Weaver and White 1985, Pratt
1992) but might also limit access to substrate interstices that are important cover during
rearing and overwintering (Goetz 1994, Jakober 1995). Rearing densities of juvenile bull
trout have been shown to be lower when there are higher percentages of fine sediment in
the substrate (Shepard et al. 1984). Due to this close connection to substrate, bed load
movements and channel instability can negatively influence the surviva of young bull
trout.

Cover and Stream Complexity

Bull trout of all age classes are closely associated with cover, especially during the day
(Fraley and Shepard 1989, Baxter and McPhail 1997). Cover may bein the form of
overhanging banks, deep pools, turbulence, large wood, or debrisjams. Y oung bull trout
use interstitial spaces in the substrate for cover and are closely associated with the stream
bed. This association appears to be more important for bull trout than for other salmonids
(Pratt 1992, Rieman and Mcintyre 1993).

Bull trout distribution and abundance is positively correlated with pools and complex
forms of cover, such aslarge or complex woody debris and undercut banks, but may also
include coarse substrates (cobble and boulder) (Rieman and Mclntyre 1993, Jakober
1995, MBTSG 1998). Studies of Dolly Varden showed that population density declined
with the loss of woody debris after clearcutting or the removal of logging debris from
streams (Bryant 1983, Dolloff 1986, Elliott 1986, Murphy et a. 1986).

Large pools consisting of awide range of water depths, velocities, substrates, and cover
are characteristic of high-quality aquatic habitat and an important component of channel
complexity. Reduction of wood in stream channels, either from present or past activities,
generally reduces pool frequency, quality, and channel complexity (Bisson et al. 1987,
House and Boehne 1987, Spence et al. 1996). Large wood in streams enhances the
guality of habitat for salmonids and contributes to channel stability (Bisson et al. 1987). It
creates pools and undercut banks, deflects streamflow, retains sediment, stabilizes the
stream channel, increases hydraulic complexity, and improves feeding opportunities
(Murphy 1995). By forming pools and retaining sediment, large wood also helps maintain
water levelsin small streams during periods of low streamflow (Lisle 1986).

Channel and Hydrologic Stability

Dueto the bull trout’ s close association with the substrate, bed |oad movements and
channel instability can reduce the survival of young bull trout. Maintaining bull trout
habitat requires stream channel and flow stability (Rieman and Mclntyre 1993). Bull
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trout are exceptionally sensitive to activities that directly or indirectly affect stream
channel integrity. Juvenile and adult bull trout frequently inhabit areas of reduced water
velocity, such as side channels, stream margins, and pools that are easily eliminated or
degraded by management activities (Rieman and Mclntyre 1993). Channel dewatering
caused by low flows and bed aggradation (raising grade or level by deposition) has
blocked access for spawning fish resulting in year-class failures (Weaver 1992). Timber
harvest and the associated roads may cause landslides that affect many miles of stream
through aggradation of the streambed.

Patterns of streamflow and frequency of extreme flow events that influence substrates
may be important factorsin population dynamics (Rieman and Mclntyre 1993). With
lengthy overwinter incubation and a close tie to the substrate, embryos and juveniles may
be particularly vulnerable to flooding and channel scour associated with the rain-on-snow
events common in parts of the range (Rieman and Mclntyre 1993). Surface/groundwater
interaction zones—which bull trout typically select for redd construction—are
increasingly recognized as having high dissolved oxygen, constant cold water
temperatures, and increased macro-invertebrate production.

5.2.2.4  Migration

The persistence of migratory bull trout populations requires maintaining migration
corridors. Stream habitat aterations that either restrict or eliminate bull trout migration
corridors include the following:

Degradation of water quality (especially increasing temperatures and increased
amounts of fine sediments)

Alteration of natural streamflow patterns

Impassable barriers (e.g., dams and culverts)

Structural modification of stream habitat (e.g., channeling or removing cover).
In the Coastal-Puget Sound DPS, migratory corridors may link seasonal marine and

freshwater habitats, as well aslinking lake, river, and tributary complexes necessary for
bull trout life-history requirements.

The importance of maintaining the migratory life-history form of bull trout, aswell as
migratory runs of other salmonids that may provide aforage base for bull trout, is
repeatedly emphasized in the scientific literature (Rieman and Mcintyre 1993, MBTSG
1998, Dunham and Rieman 1999, Nelson et al. 2002). I solation and habitat fragmentation
resulting from migratory barriers have negatively affected bull trout by the following:

1. Reducing geographical distribution (Rieman and Mclntyre 1993, MBTSG 1998)

2. Increasing the probability of losing individual local populations (Rieman and
Mclntyre 1993, Dunham and Rieman 1999, MBTSG 1998, Nelson et a. 2002)

3. Increasing the probability of hybridization with introduced brook trout (Rieman
and Mclntyre 1993)
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4. Reducing the potential for movements in response to developmental, foraging,
and seasonal habitat requirements (Rieman and Mclntyre 1993, MBTSG 1998).

5. Reducing reproductive capability by eliminating the larger, more fecund
migratory form from many subpopulations (Rieman and Mclntyre 1993, MBTSG
1998).

Therefore, restoring connectivity and restoring the frequency of occurrence of the
migratory form will be an important factor in the recovery of bull trout.

Unfortunately, migratory bull trout have been restricted or eliminated in parts of their
range due to stream habitat alterations, including seasonal or permanent obstructions,
detrimental changesin water quality, increased temperatures, and the alteration of natural
streamflow patterns. Dam and reservoir construction and operations have altered major
portions of bull trout habitat in the Skokomish, Elwha, Skagit, Nooksack, and Puyallup
river core areas. Dams without fish passage create barriersto fluvial and adfluvial bull
trout that isolate populations. The operations of dams and reservoirs ater the natural
hydrograph, thereby affecting forage, water temperature, and water quality (USDI 1997).

5.2.2.5 Marine Habitat Use

Estuaries and shoreline areas comprise what is known as the ‘ nearshore’ marine habitat.
The nearshore environment provides habitat critical to both bull trout and salmon. This
habitat provides food production and foraging areas, refuge (from predation, seasonal
high flows, winter storms), and migratory corridors.

Bull trout first migrate to tidal areas between age 1 and 3. These juvenile fish may rear in
the tidally influenced deltawithin intertidal marsh, distributary channels, or they may
pass through into nearshore marine areas. Although no studies describe the salinity
tolerance of bull trout, both subadult and adult bull trout can survive awide range of
salinities, varying from fresh to brackish to marine waters and can move between these
areas with little or no delay for acclimation.

Additional information provided by bull trout acoustic radio telemetry and habitat study
projects indicates that bull trout in marine waters are more active at night than during the
day, may prefer deeper nearshore habitat rather than shallow nearshore habitat, and can
be found at depths as great as 197 to 256 feet (60-75 m). Bull trout from different
freshwater populations may overlap in their use of marine and estuarine waters. Although
bull trout are likely to be found in nearshore marine waters year-round, the period of
greatest use is March through July (Goetz and Jeanes 2004). In the Skagit Bay, athough
bull trout may be found year-round, there appears to be a bi-modal distribution where
significant numbers of bull trout are present from April through July and October through
December (Beamer and Henderson 2004).

Anadromous bull trout forage and mature in the nearshore marine habitats on the
Washington coast, Strait of Juan de Fuca, and in Puget Sound. In Puget Sound, the
distribution of bull trout in nearshore waters likely correlates to the nearshore distribution
of baitfish (WDFW 1999). It also appears that certain life-history stages may use
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different marine prey species. For example, the younger bull trout (age 1-3) that move to
marine waters appear to select smaller prey items, such as shrimp. By age 4, the diet of
anadromous bull trout has shifted largely to fish. Bull trout from Puget Sound prey on
surf smelt, Pacific herring (Clupea harengus pallasi), Pacific sand lance, pink salmon
smolts (O. gorbuscha), chum salmon smolts (O. keta), and a number of invertebrates
(Kraemer 1994).

5.2.3 Species Occurrence in Action Areas

5.2.3.1 Lake Washington Ship Canal, North Lake
Washington, South Lake Washington

The Lake Washington Ship Canal, North Lake Washington, and South Lake Washington
action areas are combined because they comprise the western portion of the Lake
Washington basin. The Lake Washington foraging, migration and overwintering habitat
consists of the lower Cedar River below Cedar Falls, the Sammamish River, Lakes
Washington, Sammamish and Union, the Ship Cana and all accessible tributaries.
Designated critical habitat includes Lake Washington and the Ship Canal. No streams are
designated as critical habitat in these action areas.

Current Range

Population status information and extent of use of this area are currently unknown. Adult
and subadult size individuals have been observed infrequently in the lower Cedar River
(below Cedar Falls), Carey Creek (atributary to upper Issaquah Creek), Lake
Washington, and at the Locks. No spawning activity or juvenile rearing has been
observed and no distinct spawning populations are known to exist in Lake Washington
outside of the upper Cedar River above Lake Chester Morse (not accessible to bull trout
within Lake Washington).

The potential for spawning in the Lake Washington basin is believed to be very low
because most accessible habitat islow elevation, below 500 feet (152 m), and thus not
expected to have proper thermal regime to sustain successful spawning. There are,
however, some coldwater springs and tributaries that may come close to suitable
spawning temperatures and that may provide thermal refuge for rearing or foraging
during warm summer periods.

Migration

Aside from spawning, Lake Washington drainage has potentia benefits and challenges to
adult and subadult bull trout. Two large lakes with high forage fish provide significant
foraging habitat. Subadult and adult bull trout have been occasionally observed in Lake
Washington (Shepard and Dykeman 1977, KCDNR 2000, H. Berge, KCDNRP, pers.
comm. 2003). Surface water temperatures in Lake Washington and the Ship Canal are too
warm for bull trout during late spring through early fall and probably limit residence time
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of bull trout that may enter the system through the Locks. Observations of bull trout in
the Locks suggest migration is occurring from other watersheds.

Bull trout have been caught in Shilshole Bay and the Locks during late spring and early
summer in both 2000 and 2001. In 2000, up to 8 adult and subadult fish (mean size 14.5
inches [36.8 cm]) were caught in Shilshole Bay below the Locks, between May and July.
These fish were found preying upon juvenile salmon (40% of diet) and marine forage fish
(60% of diet) (Footen 2000, 2003). In 2001, 5 adult bull trout were captured in areas
within the Locks and immediately below the Locks. One bull trout was captured within
the large locksin June, and in May, one adult was captured while migrating upstream
through the fish ladder in the adult steelhead trap at the head of the ladder. Three adult
bull trout were also captured below the tailrace during the peak of juvenile salmon
migration on June 18, 2001 (F. Goetz, Corps, pers. comm. 2003).

5.2.3.2 Lower Green/Duwamish

The Lower Green/Duwamish action areais considered foraging, migration and
overwintering habitat. This foraging, migration and overwintering habitat may be used by
several bull trout core populations such as those from the Puyallup and Snohomish rivers.
The Duwamish River, including the East and West waterways, is designated critical
habitat for the Coastal-Puget Sound DPS.

Current Range

Historically, bull trout were reported to use the Duwamish River and lower Green River
in ‘vast’ numbers (Suckley and Cooper 1860). In contrast, bull trout are observed
infrequently in this system today. Before permanent redirection of the Stuck River (lower
White River) into the Puyallup River systemin 1906 (Williams et al. 1975), the lower
Green River system provided habitat for populations spawning in the White River.
Another factor that may have diminished the Green-Duwamish River system’s value for
bull trout is the loss of the Black River due to construction of the Ship Canal in the mid-
1910s. The Black River historically connected the L ake Washington basin and Cedar
River to the Green-Duwamish River system. Creation of the Ship Canal and Locks
lowered Lake Washington 9 feet (2.7 m) and completely redirected flows of the Cedar
River and Lake Washington tributaries to the canal (Warner 1996). These diversions | eft
the Green-Duwamish River system with only about one-third of its original watershed
(Weitkamp and Ruggerone 2000), which fragmented potentia habitats and may have
lowered the quality of habitats to support bull trout populations.

Recently, bull trout have been reported in the lower Green River asfar upstream as the
mouth of Newaukum Creek at about RM 41 and are occasionally reported in the lower
Duwamish River (KCDNR 2000, KCDNRP 2002, Goetz et al. 2004). It is presumed that
bull trout use the Green River up to City of Tacoma' s Headworks Diversion Dam at RM
61, abarrier to upstream migration since 1912 (KCDNR 2000). Bull trout recently
observed in the lower Green River basin likely originated from other watersheds (70 FR
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56212). Reports of historic use of tributaries in the lower Green River are rare (KCDNR
2000). Given their size and potential as foraging aresas, tributaries such as Newaukum and
Soos Creeks may occasionally be used by bull trout. Tributaries within the action area,
such as Longfellow Creek, are not likely to be used by bull trout.

The number of bull trout that enter the Duwamish River issmall. In April 1978, Dennis
Moore, Hatchery Manager for the Muckleshoot Tribe, talked with 3 anglers near North
Wind Weir, RM 7 of the Duwamish and identified 4 fish as adult char (Brunner 1999a).
In 2000, 8 subadult bull trout were captured in the Duwamish River at the head of the
navigation channel at the Turning Basin restoration site at RM 5.3. These fish averaged
11 inches (27.9 cm) in length and were captured in August and September. A single char
was caught at this same site in September of 2002 (J. Shannon, Taylor Associates, pers.
comm. 2002). In May 2003, a 23-inch (58.4 cm) adult char was captured and released at
Kellogg Island (J. Shannon, Taylor Associates, pers. comm. 2003). However, no bull
trout were captured during weekly beach seining of up to 13 sites per week (RM 1 to RM
8.5) during December 2004 to July 2005 (G. Ruggerone, NRC, pers. comm. 2006).

5.2.3.3 North Seattle/Puget Sound, Elliott Bay, and
South Seattle/Puget Sound

The North Seattle/Puget Sound, Elliott Bay, and South Seattle/Puget Sound action areas
have been combined because they border Puget Sound. In this action area, critical habitat
extends along the entire City of Seattle Puget Sound nearshore (see Figure 3) from
extreme high water to 33 feet (10 m) depth relative to the MLLW. Critical habitat
includestidally influenced freshwater areas at the head of estuaries.

Current Range

Anadromous adult and subadult bull trout may use all marine waters of the action areafor
foraging and overwintering. The extent is poorly understood, however. Kraemer (1994)
speculated that the distribution of bull trout in marine waters may be closely timed with
the distribution of forage fish and coincident with their spawning beaches. Goetz et al.
(2004) documented that bull trout were most abundant in Puget sound waters during
spring and late summer and relatively few were captured during winter months. The
current distribution of bull trout within Puget Sound marine waters is not completely
known. But it has been documented from the Canadian border to the Nisqually River
Delta (Fresh et al. 1979, Kraemer 1994, McPhail and Baxter 1996, WDFW 1998, Pacific
International Engineering 1999, Ballinger 2000, KCDNRP 2002). Bull trout appear to be
more abundant along eastern shores compared with western shores of Puget Sound (70
FR 56212).

Puget Sound bull trout prey on surf smelt, Pacific herring, Pacific sand lance, and other
small schooling fish (Kraemer 1994, Goetz et al. 2004). These prey species are present in
all of the marine areas within the action area. Although foraging bull trout may tend to
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seasonally concentrate in forage fish spawning areas (nearshore habitats), they can be
found throughout accessible estuarine and nearshore habitats.

The extent of past and current bull trout use of smaller independent creek drainages that
discharge directly into Puget Sound is not well known. No observations have been made
of bull trout use in small streams entering Puget Sound within the action areas. Even if it
is determined that many of the small stream systemsin Puget Sound are not commonly
occupied by bull trout, these streams may contribute to the forage base of bull trout in
adjacent nearshore marine waters.

Relatively few bull trout have been observed or captured within nearshore areas of the
action area. Most migratory bull trout leave freshwater and enter Puget Sound during late
winter and spring, then return to freshwater during late spring and early summer (Goetz
et a. 2004). Approximately 16 char have been captured in the Golden Gardens area from
1929 to 2002. Eight adult and subadult bull trout were caught in Shilshole Bay in 2000
(Footen 2000, 2003). Tagging indicated that some bull trout captured near the Locks
rapidly migrated to other watersheds. A total of 34 bull trout have been captured in
Shilshole Bay since 1949. In Elliott Bay, 1 adult bull trout was captured in a Muckleshoot
Tribal net near Pier 91 (Brunner 1999Db).

5.3 Bald Eagle: Pacific Population

5.3.1 Listing and Critical Habitat Designation

" The bald eagle (Haliaeetus leucocephalus) was federaly listed in
1978 as an endangered speciesin all states except Michigan,
Minnesota, Wisconsin, Washington, and Oregon, where it was
designated as threatened (USDI 1978). Thelisting was aresult of a
decline in the bald eagle popul ation throughout the lower 48 states.
The decline was largely attributed to the widespread use of
dichloro-diphenyl-trichloro-ethane (DDT) and other organochlorine
| compounds, in addition to habitat |oss, harassment and disturbance,
shooting, electrocution from power lines, poisoning, and a decline
in the food base.

The bald eagle was reclassified in 1995 from endangered to threatened as aresult of a
significant increase in numbers of nesting pairs, increased productivity and expanded
distribution (USDI 1994). Since 1989, the bald eagle nesting population has increased at
an average rate of about 8% per year (USDI 1999b). The national average for fledglings
per occupied breeding areais greater than 1. Therefore, the bald eagle population
continues to increase in overall size. Certain geographically restricted areas, such as
southern California, the Columbia River, the Great Lakes, and parts of Maine still have
contaminant threats. However, bald eagle recovery goals have generally been met or
exceeded throughout its range (USDI 1999b).
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The ddlisting goals for the Pacific Recovery Areaincluded the following (USDI 1986):
1. A minimum of 800 nesting pairs

2. Anaverage reproductive rate of 1.0 fledged young per occupied breeding area,
with an average success rate for occupied breeding areas of not less than 65%
over a5-year period

3. Breeding population goals attained in at least 80% of management zones

4. Wintering populations that are stable or increasing.

In the Pacific Recovery Area, population delisting goals have been met since 1995. The
productivity objective of an average of 1.0 young per occupied breeding area has been
met since 1990, and the average success rate for occupied breeding areas of 65% has
been exceeded since 1994 (USDI 1999b). However, as of 1999, the distribution objective
among management zones had not yet been fully achieved.

Of the 7 states covered in the Pacific Recovery Area, Washington state supports the
largest breeding and wintering populations (USDI 1986). In 2001, 684 nest territories
were occupied in Washington (WDFW 2003, unpub. data). Most nesting territoriesin
Washington are located on the San Juan Islands, along the coastline of the Olympic
Peninsula, and along the Strait of Juan de Fuca, Puget Sound, Hood Canal, and the
Columbia River. Wintering concentration areas in Washington are along salmon
spawning streams and waterfow! wintering areas (Stinson et a. 2001).

On July 6, 1999, the USFWS published a proposed rule to delist the bald eagle
throughout the lower 48 States due to recovery (64 FR 36454,). Approximately 300
written and 47 oral comments were received on the proposed rule. On February 16, 20086,
the USFW S reopened the public comment period on the proposed delisting (71 FR 8238).
A final rule on whether to remove the bald eagle from List of Threatened and Endangered
Wildlife is expected in 2007.

5.3.2 Species Information

5.3.2.1 Life History

The bald eagleis abird of aguatic ecosystems. It frequents estuaries, large lakes,
reservoirs, major rivers, and some seacoast habitats. Fish isthe major component of its
diet, but it also eats waterfowl, seagulls, and carrion. The species may also use prairiesif
adequate food is available. Bald eagle habitats encompass both public and private lands.

Bald eagles usually nest in trees near water, but are known to nest on cliffs and (rarely)
on the ground. Nest sites are usually in large trees along shorelines in relatively remote
areas that are free of disturbance. The trees must be sturdy and open to support a nest that
isoften 5 feet (1.5 m) wide and 3 feet (0.9 m) deep. Adults tend to use the same breeding
areas year after year, and often the same nest, though a breeding area may include 1 or
more alternate nests. In winter, bald eagles often congregate at specific wintering sites
that are generally close to open water and offer good perch trees and night roosts.
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It is presumed that once they mate, the bond is long-term, though documentation is
limited. Variationsin pair bonding are known to occur. If one mate dies or disappears, the
other will accept a new partner. The female bald eagle usually weighs 10 to 14 pounds
(4.5-6.4 kg) and is larger than the male, which weighs 8 to 10 pounds (3.6-4.5kg). Bald
eaglewings span 6to 7 feet (1.8-2.1 m).

Bald eagle pairs begin courtship about a month before egg-laying. In the south, courtship
occurs as early as September, and in the north, as late as May. The nesting season |asts
about 6 months. Incubation lasts about 35 days and fledging takes place at 11 to 12 weeks
of age. Parental care may extend 4 to 11 weeks after fledging (Wood et al. 1998). The
fledgling bald eagle is generally dark brown except the underwing linings, which are
primarily white. Between fledging and adulthood, the bald eagle’ s appearance changes
with feather replacement each summer. Y oung dark bald eagles may be confused with the
golden eagle, Aquila chrysaetos. The bald eagl€’ s distinctive white head and tail are not
apparent until the bird fully matures, at 4 to 5 years.

Asthey leave their breeding areas, some bald eagles stay in the general vicinity while
most migrate for several months and hundreds of miles to their wintering grounds. Y oung
eagles may wander randomly for years before returning to nest in natal areas.

Wintering bald eagles often roost at communal sites that give shelter during inclement
weather. Bald eagles may roost communally in single trees or large forest stands of
uneven ages. Bald eagles may remain at their daytime perches throughout the night as
well, but bald eagles typically gather at large communal roostsin the evening.

Communal night roosting sites are traditionally used year after year and are characterized
by favorable microclimatic conditions. Roost trees are usualy the largest and have the
most open structure (Keister and Anthony 1983, Watson and Pierce 1998). They are often
located in areas that provide a more favorable microclimate during inclement weather
(Knight et al. 1983, Keister et al. 1985, Watson and Pierce 1998). Prey sources may be
available in the general vicinity, but for roosting, close proximity to food is not as critical
asthe need for shelter.

5.3.3 Species Occurrence in Action Areas

Bald eagles occur as year-round residents in Washington. Resident and wintering
populations of bald eagles are known to occur in the action areas. Bald eagles use the
area throughout the year, including the breeding and wintering seasons.

Bald eagle foraging habitat, both summer and winter, occurs throughout western
Washington. The action areas contain ample active eagle foraging habitat (perch site
along shorelines and accessibility to fish) and can support the species both winter and
summer (Stinson et a. 2001).
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5.3.3.1 Elliott Bay and North Seattle/Puget Sound

No bald eagle nests are known to be located in these action aress.

5.3.3.2 Lake Washington Ship Canal

Two bald eagle nests are located in the Ship Cana action area. Oneis near Discovery
Park, and the other near Green Lake.

5.3.3.3 Lower Green/Duwamish

One bald eagle nest islocated in the Lower Green Duwamish action area along Marginal
Way.

5.3.3.4  North Lake Washington

One bald eagle nest islocated in the North Lake Washington action area near Magnuson
Park.

5.3.3.5  South Seattle/Puget Sound

One bald eagle nest is located in the South Seattle/Puget Sound action area near Seacrest
Marina Park in West Sezttle.

5.3.3.6  South Lake Washington

Three bald eagle nests are located in the South Lake Washington action area. Oneis near
Broadmoor Golf Course, and 2 are near Seward Park.

5.4 Southern Resident Killer Whale

5.4.1 Listing and Critical Habitat Designation

On November 15, 2005, NMFS listed the Southern
Resident killer whales (Orcinus orca) as endangered
under the ESA. This new listing under ESA requires
¥ federal agenciesto make sure their actions do not
jeopardize the continued existence of the whales.
Southern Resident killer whales are already protected,
as are all marine mammals, by a1972 law, the Marine
Mammal Protection Act, under which the whales were
officially listed as a depleted stock more than 2 years ago. A proposed conservation plan
under the Marine Mammal Protection Act was published in October 2005, laying out the
steps needed to restore the population to full health (70 FR 57565).
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On November 29, 2006, NMFS designated critical habitat for the Southern Resident
killer whale. Critical habitat boundaries for Southern Resident killer whalesinclude 3
areas, 1 of which lies within the Seattle action areas. This area, defined as Area 2,
includes all of Puget Sound south of Deception Pass Bridge, the entrance to Admiralty
Inlet, and the Hood Canal Bridge. Hood Canal is hot included as proposed critical habitat.
The extent of critical habitat includes all water greater than 20 feet (6.1m) from the
OHW.

The PCEsfor Southern Resident killer whale's proposed critical habitat include:

Southern Resident Killer Whale Critical Habitat PCE #1: Water quality to
support growth and development

Southern Resident Killer Whale Critical Habitat PCE #2: Prey species of
sufficient quantity, quality, and availability to support individual growth,
reproduction, and development, as well as overall population growth

Southern Resident Killer Whale Critical Habitat PCE #3: Passage conditions
to alow for migration, resting, and foraging.

NMFS is gathering additional information to assist in evaluating sound as a potential
PCE.

5.4.2 Species Information

5.4.2.1 Life History

The Southern Resident killer whale population consists of 3 pods, identified as J, K, and
L pods, that reside for part of the year in the inland waterways of the Strait of Georgia,
Strait of Juan de Fuca, and Puget Sound, especially during the spring, summer, and fall
(Krahn et a. 2002). The population experienced a 20% decline in the 1990s, raising
concerns about its future. The population peaked at 97 animalsin the 1990s and then
declined to 71 in 2001. It currently stands at 86 whales (Center for Whale Research
2006). Many members of the group were captured during the 1970s for commercial
display aquariums. The group continued to be put at risk from vessel traffic, toxic
chemicals, and limits on availability of food, especialy salmon. It has only afew
sexually mature males. Because the population historically has been small, it is
susceptible to catastrophic risks, such as disease or ail spills.

Killer whales are strikingly pigmented cetaceans. Killer whales are black dorsally and
white ventrally, with a conspicuous white oval patch located slightly above and behind
the eye. Sexual dimorphism occursin body size, flipper size, and height of the dorsal fin.
Males are larger and develop larger pectora flippers, dorsal fins, tail flukes, and girths
than females (Clark and Odell 1999).

Killer whales have been classified into 3 forms, or ecotypes, termed residents, transients,
and offshore whales. Significant genetic differences occur among the 3 forms (Stevens et
al. 1989, Hoelzel and Dover 1991, Hoelzel et a. 1998, Barrett-Lennard 2000, Barrett-
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Lennard and Ellis 2001, Hoelzel et a. 2002). The 3 forms vary in morphology, ecology,
and behavior.

5.4.2.2 Factors for Decline

The exact cause of the recent decline of the Southern Resident population is unknown
and could be a combination of 2 or more factors. Factors resulting in decreased numbers
to the Southern Resident population are the following:

1. Reduced quantity and quality of prey

2. Persistent pollutants that could cause immune or reproductive system dysfunction
3. Qil spills

4. Noise and disturbances from vessel traffic.

Adequate prey populations are important to healthy killer whale populations and
reductionsin prey availability may force whales to spend more time foraging and might
lead to reduced reproductive and higher mortality rates. Many stocks of salmon have
declined due to overfishing and degradation of freshwater and estuarine habitat through
urbanization, dam building and forestry, agricultural, and mining practices (NRC 1996,
Gregory and Bisson 1997, Lichatowich 1999, Pess et al. 2003). Due to lack of
information on the diet of killer whales throughout the year and the importance of the
various salmon runs, it is unknown whether current fish stocks are alimiting factor for
the Southern Resident population.

Killer whales are experiencing ever-increasing amounts of indirect harassment through
expanding contact with human-made sources of marine noise and vessdl traffic.
Underwater noise pollution originates from several sources, including general shipping
and boating traffic, industrial activities such as dredging, drilling, marine construction,
and seismic testing of the sea bottom, and military and other vessel use of sonar
(Richardson et a. 1995, Gordon and Moscrop 1996, NRC 2003). Many of these activities
are prevalent in coastal areas, coinciding with the preferred habitat of most killer whale
populations. Killer whales rely on their highly developed acoustic sensory system for
navigating, locating prey, and communicating with other individuals. Excessive levels of
human-generated noise and the physical presence of vessels have the potential to mask
echolocation and other signals used by killer whales thereby causing increased
physiological changes, lowered immune function, and can disrupt movements and normal
behaviora patterns.

Another primary factor in the decline of killer whalesis exposure to elevated levels of
toxic chemical contaminants, especially organochlorine compounds such as
polychlorinated biphenyls (PCBs) and DDT. Bioaccumulation through trophic
(nutritional) transfer allows relatively high concentrations of these compounds to build up
in killer whales because they are atop-level marine predator. The effects of chronic
exposure to moderate-to-high contaminant levels have not yet been determined in killer
whales. Thereis no evidence that high organochlorine concentrations cause direct
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mortality in killer whales (O’ Shea and Aguilar 2001). However, physiological responses
in marine mammals have been linked to organochlorine exposure, including impaired
reproduction (Béland et al. 1993), immunotoxicity (Lahviset al. 1995, Ross et al. 1995,
Ross 2002), hormonal dysfunction (Subramanian et al. 1987), disruption of enzyme
function and vitamin A physiology (Marsili et al. 1998, Simms et a. 2000), and skeletal
deformities (Bergman et a. 1992).

5.4.2.3 Habitat Requirements

Southern Resident killer whales use different summer and winter habitats. All 3 Southern
Resident pods regularly occur in the water of the Georgia Basin (the Strait of Georgia,
Haro Strait, and the Strait of Juan de Fuca) during late spring, summer, and early fall
(Heimlich-Boran 1988). The range of Southern Residents throughout the rest of the year
isnot well known. During the early fall, movements of Southern Residents, particularly J
pod, expand to include Puget Sound (Krahn et al. 2002).

Killer whales are the world' s most widely distributed marine mammal (L eatherwood and
Dahlheim 1978, Heyning and Dahlheim 1988). Although observed in tropical waters and
the open sea, they are most abundant in coastal habitats and high latitudes. In the eastern
Pacific Ocean, killer whales occur year-round in southeastern Alaska (Scheffer 1967) and
the intercoastal waterways of British Columbia and Washington State (Balcomb and
Goebel 1976, Bigg et al. 1987, Osborne et al. 1988). They have been observed near the
Aleutian Islands (Murie 1959, Waite et a. 2001) and along the coasts of Washington,
Oregon, and California (Norris and Prescott 1961, Fiscus and Niggol 1965, Rice 1968,
Gilmore 1976, Black et al. 1997, NMFS 2004).

In Washington, killer whales occur in al marine waters. From late spring to fall, most
whales can be found in the inland waters around the San Juan Islands (Heimlich-Boran
1988, Felleman et al. 1991, Olson 1998, Ford et al. 2000). M ovements during the winter
and early spring are poorly known, but many animals shift their activity to outer coastal
areas or depart the state.

Killer whales are highly social animals that occur primarily in groups or pods of up to 40
to 50 animals (Dahlheim and Heyning 1999, Baird 2000). Mean pod size varies among
populations, but often ranges from 2 to 15 animals (Kasuya 1971, Condy et a. 1978,
Mikhalev et al. 1981, Braham and Dahlheim 1982, Dahlheim et a. 1982, Baird and Dill
1996). Differencesin spatial distribution, abundance, and behavior of food resources
probably account for much of the variation in group size among killer whale populations.

Diet

Astop-level predators, killer whales eat a variety of marine organisms ranging from fish
to squid to other marine mammal species. Some populations have specialized diets
throughout the year and use specific foraging strategies that reflect the behavior of their
prey. Such dietary specialization has probably evolved in regions with abundant prey
resources year-round (Ford 2002). Cooperative hunting, food sharing, and innovative
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learning are other notable foraging traitsin killer whales (Smith et al. 1981, Lopez and
Lopez 1985, Felleman et al. 1991, Hoelzel 1991, Jefferson et a. 1991, Hoelzel 1993,
Simalaand Ugarte 1993, Baird and Dill 1995, Guinet et al. 2000, Pitman et a. 2003).

Fish are the major dietary component of resident killer whales (Ford et al. 1998, 2000;
Saulitis et a. 2000). Observations indicate that salmon are clearly preferred as prey,
especially in spring, summer, and fall. Resident whales spend about 50% to 67% of their
time foraging (Heimlich-Boran 1988, Ford 1989, Morton 1990, Felleman et al. 1991).
Little is known about the winter and early spring foraging of resident killer whales.

While in inland waters during warmer months, all of the pods concentrate their activity in
Haro Strait, Boundary Passage, the southern Gulf Islands, the eastern end of the Strait of
Juan de Fuca, and several localities in the southern Georgia Strait (Heimlich-Boarn 1988,
Felleman et al. 1991, Olson 1998, Ford et al. 2000). Lesstime is spent elsewhere in other
sections of the Georgia Straight, San Juan Islands, Admiralty Inlet and Puget Sound.

During early autumn, Southern Resident pods, especially J pod, expand their routine
movements into Puget Sound to likely take advantage of chum and Chinook salmon runs
(Osborne 1999).

Killer whales frequent a variety of marine habitats with adequate prey resources and do
not appear to be constrained by water depth, temperature, or salinity (Baird 2000). Killer
whales tolerate arange of water temperatures, occurring from warm tropical seasto polar
regions with ice floes and near-freezing waters. They occasionally enter brackish waters
and rivers (Scheffer and Slipp 1948).

Mortality

Killer whales are polygamous. Males nearly always mate with females outside of their
own pods, thereby reducing the risks of inbreeding (Dahlheim and Heyning 1999,
Barrett-Lennard 2000, Barrett-Lennard and Ellis 2001). Most mating is believed to occur
from May to October, although mating occurs year-round because young are bornin all
months (Nishiwaki 1972, Olesiuk et a. 1990b, Matkin et al. 1997). Gestation in captive
killer whales averages about 17 months (Asper et al. 1988, Walker et a. 1988, Duffield et
al. 1995).

Mortality is extremely high during the first 6 months of life, when 37% to 50% of all
calvesdie (Bain 1990, Olesiuk et al. 1990b). Annual death rates for juveniles decline
steadily thereafter. Mortality rates are about 0.5% to 1.7% per year until the age of 44.5
years. Mortality increases dramatically among older females, especially those older than
65 years. After reaching sexual maturity, death rates for males increase throughout life,
reaching 7.1% annually among individual older than 30 years. Mortality rates appear
highest during the winter and early spring.

At birth, the average life expectancy of resident killer whalesis about 29 years for
females and 17 years for males (Olesiuk et al. 1990b). However, for animals that survive
their first 6 months, mean life expectancy increases to about 50 to 60 years for females
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and 29 years for males. Sexual maturity occurs around 15 years of age in both sexes.
Maximum lifespan is estimated to be 80 to 90 years for females and 50 to 60 years for
males (Olesiuk et al. 1990b).

5.4.3 Species Occurrence in Action Areas

Killer whales are found within Puget Sound near the North Seattle/Puget Sound, Elliott
Bay, and South Seattle/Puget Sound action areas throughout the year (L. Barre, NMFS,
pers. comm. 2005).

5.4.3.1 North Seattle/Puget Sound, Elliott Bay, and
South Seattle/Puget Sound

Most occurrences of killer whales have been documented from October through
February. Little is known on the movement and reasons for killer whales to be within
Puget Sound. The documented killer whales in the Puget Sound area have been from J
pod, and it is believed they come to the area for feeding.

5.5 Steller Sea Lion

5.5.1 Listing and Critical Habitat Designation

Steller sealions (Eumetopias jubatus)

were designated as threatened on April 5, 1990 (55 FR
12645). In 1997, the North Pacific’ s population of
Steller sea lions was separated into 2 DPSs:

1. West of 144°W longitude (near Cape Suckling,
Alaska)

2. Theremainder of the United States.

The population west of 144°W |ongitude was designated endangered on June 4, 1997 (62
FR 30772). The other DPS retained a threatened designation.

Critical habitat was designated on August 27, 1993, and includes all United States
rookeries, major haul-outs in Alaska, horizontal and vertical buffer zones around these
rookeries and haul-outs, and 3 aquatic foraging areasin North Pacific waters (58 FR
45269). No critical habitat is designated in Washington. Rookeries are areas where adults
congregate for breeding and pupping, and haul-outs are areas used for rest and
sociaizing. Sites used as rookeries during the breeding season may be used as haul-outs
during the remainder of the year. Steller sealions haul-out on offshore islands, reefs, and
rocks, while rookeries generally occur on beaches. Preferred rookeries and haul -out areas
are located in relatively remote areas where access by humans and mammalian predators
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isdifficult. Locations are specific and change little from year to year (Steller SeaLion
Recovery Team 1992).

5.5.2 Species Information

5.5.2.1 Life History

Steller sealions range aong the North Pacific Rim from northern Japan, through the
Bering Sea and Aleutian Islands, along Alaska s southern coast, and south to California.
Centers of abundance and distribution are located in the Gulf of Alaska and Aleutian
Islands, respectively (Loughlin et al. 1992). The speciesis hot known to migrate, but
individual sealions disperse widely outside of the breeding season (late May to early
July). Exchange between rookeries appears low by breeding adult females and males.

Steller sealions from the eastern stock use rookeries and haul-outs in the coastal water of
southern Alaska, British Columbia, Washington, Oregon and California. Common haul-
outs along the outer coast include Split Rock and the South Jetty of the Columbia River.
Further north along the Olympic Peninsula coast, haul-outs are located at Carroll 1sland,
Bodelteh Idands, Guano Rock, Umatilla Reef, Skagway Rocks, and Tatoosh Island.
Although haul-outs occur in avariety of areas, individual locations used are specific and
change little from year to year (WDFW 1993).

Steller sea lions occur year-round in Washington coastal waters, but the number present
declines during the summer breeding season as sea lions return to rookeriesin California,
Oregon, British Columbia, and southeast Alaska. No breeding rookeries have been
identified in Washington waters. However, in 1992 a single pup was born on Carrall
Island (WDFW 1993). Most of Washington’s haul-out sites are located along the
northern outer coast. Major haul-out sites are concentrated at large rock complexes
including Tatoosh Island, Cape Alva, Carroll Iland, Split/Willoughby rocks, and the
Columbia River South Jetty (Gearin and Jeffries 1996).

5.5.2.2 Factors for Decline

During the past 30 years, Steller sealion populations have suffered a dramatic decline.
Numbersin the rookeries of central/southern California, the central Bering Sea, and in
the core Alaskan ranges have all decreased substantially. A number of natural and
human-caused factors have been hypothesized as contributing to these declines, but a
primary cause has not been definitively identified. It is generally thought that a nutritional
deficiency resulting from alack of abundance or availability of suitable prey isinvolved
(Steller Sea Lion Recovery Team 1992). Mgjor shifts in the abundance of fish in the
Berring Sea over the past several decades are well documented (WDFW 1993).

The Alaska pollock and Atka mackerel fisheries have specifically been implicated in
decreasing the availability of prey. A similar decline has not been documented in the
region from southeast Alaska through Oregon, where Steller sealion numbers appeared
to have remained stable (Steller Sea Lion Recovery Team 1992).
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5.5.2.3 Habitat Requirements

Steller sealions feed in openwater habitat in nearshore areas out to the edge of the
continental shelf (WDFW 1993). Steller sea lion foraging patterns vary depending upon
age, season, and reproductive status, as well as the distribution and availability of prey.
Foraging patterns of females during the winter months vary considerably. Individuals
travel an average of 83 miles (133 km) and dive an average of 5.3 hours per day. The vast
majority of feeding dives are 328 feet (100 m) deep.

Diets consist of avariety of fish and invertebrates, predominately demersal and off-
bottom schooling fish (Jones 1981) and, less frequently, other pinnipeds such as harbor
seals (Pitcher and Fay 1982). Stomach and scat analyses in British Columbiaindicate
principal prey items include hake, herring, octopus, Pacific cod, rockfish, and salmon
(Olesiuk et al. 1990b). Along the Washington coast, Steller sealions appear to prey
primarily on rackfish, herring, and smelt.

Western United States stock declines have been correlated with increased commercial
harvests of walleye Pollack (Lowry et al. 1989). Reduced prey availability remains a
concern for eastern United States stocks, athough population declines have not been

observed.

Steller sealions are regularly observed in water of the northern Puget Sound and the
Strait of Juan de Fuca during winter and spring, but they are not usually seen between
April and September. There have been few reports of Steller sealions in southern Puget
Sound. In general, they are not thought to inhabit the project vicinity, although transient
animals may migrate through the western end of the Ship Canal during peak abundance
periods in winter.

5.5.3 Species Occurrence in Action Areas

5.5.3.1 North Seattle/Puget Sound, Elliott Bay, and
South Seattle/Puget Sound

There are no Steller sealion rookeries in Washington although Steller sealions are
occasionally found in state waters. They are most commonly observed in the Strait of
Juan de Fuca and are occasionally found on navigation buoys in Puget Sound (Jeffries et
al. 2000). No Steller sealion haul-out sites exist within the action areas. The closest haul-
out islocated on Toliva Shouls Buoy near Tacoma (Jeffries et al. 2000).
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5.6 Humpback Whale

5.6.1 Listing and Critical Habitat Designation

Humpback whales (Megaptera novaeangliae) have
been protected since 1965, and are currently listed as
endangered under the ESA. In the North Pacific, most
remaining humpbacks reside in United States
territorial waters (i.e. winter and summer grounds).

The humpback whale has aworldwide distribution, with 3 mgjor distinct populations:
1. North Atlantic
2. North Pacific
3. Southern oceans.

5.6.2 Species Information

5.6.2.1 Life History

Humpback whales range from Californiato the Chukchi Sea, Hawaii, and the Mariana
Islands (NMFS 1994). During summer, humpback whales in the North Pacific migrate
and feed over the continental shelf and along the coasts of the Pacific Rim, from Point
Conception, California north to the Gulf of Alaska, Prince William Sound, and Kodiak
Island. Humpback whales spend the winter in 3 separate wintering grounds (NMFS
1991):

1. The coastal waters along Baja California and the mainland of Mexico
2. Themainislands of Hawaii
3. Theidlands south of Japan.

Estimates for the southeastern Alaska region include about 374 individuals (Baker et al.
1986).

Humpback whales inhabit waters over continental shelves, along their edges, and around
some oceanic islands. During winter they are usually found in tropical or temperate
waters (10-23° latitude). During the summer, most migrate considerabl e distances to
waters with higher biological productivity typically at higher latitudes (35-65°).

Females are dlightly larger than males averaging 48 feet (14.6 m) in length. Males
average 44 feet (13.4 m). The maximum recorded size is 59 feet (17.9 m). A full-grown
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adult weighs about 30 tons (27.2 metric ton) with an expected lifespan of 40 to 50 years.
Humpback whales are characterized by extremely long flippers that are about 0.33% of
total body length, adark back with white pigmentation on the flippers, sides, and ventral
surface, a series of wart-like bumps called tubercles on the upper and lower jaw, and
long, complex vocalizations. Prey includes herring, sand lance, capelin, mackerel,
walleye pollock, haddock, and krill (Bryant et al. 1981, Krieger and Wing 1984). Adult
humpback whales consume up to 3,000 pounds (1,360 kg) per day, although likely only
feed during the 6 to 9 months of the year they are on their feeding grounds. Humpbacks
fast and live off their fat layer for the winter period while on their breeding grounds.

Mating and birth of young probably takes place at the wintering grounds. Females
produce their first calf between the ages of 6 and 8, and typically have 1 calf every 2to 4
years. Humpbacks are born during the winter and are 10 to 13 feet long (3-3.9 m) and
weigh about 2,200 Ibs (997 kg).

5.6.2.2 Factors for Decline

Humpbacks were killed extensively from the late 1800s through the first part of the 20th
century. Worldwide the population of humpbacks is about 10,000. Thisis 8% of the
historical population size, athough this speciesis now protected and recovering. The
greatest threats to humpbacks today are entanglements in fishing gear, ship strikes, and
coastal habitat pollution. The pre-1905 population of humpback whales in the North
Pacific was about 15,000. By 1966, whaling had reduced this popul ation to about 1,200
individuals. Mare than 6,000 humpback whales currently exist in the North Pacific
(Carrettaet al. 2001).

5.6.3 Species Occurrence in Action Areas

5.6.3.1  North Seattle/Puget Sound, Elliott Bay, and
South Seattle/Puget Sound

The occurrence of humpbacksin Puget Sound within the action areas is considered very
unlikely or infrequent. Sightings of humpback whal es are uncommon aong the coast of
Washington, although the National Marine Mammal Laboratory has documented
humpbacks in Washington state waters in every month except February, March, and
April. Humpbacks probably use Washington waters as a migration corridor. Historically,
populations of humpbacks were much higher along the Washington coast. In the early
1900s, humpbacks were landed at the Bay City, Washington whaling station from April
to October with most taken between June and August. Whaling stations off Vancouver
Island aso historically caught 500 to 100 whales with most being humpback (NMFS
1991).

In the past, humpback whales have been intermittently sighted in Puget Sound. A total of
8 sightings have occurred in Puget Sound. Individual humpbacks were observed in May
1976, June 1978, June 1986, 2 juvenilesin June and July 1988, Sept 2004, 1 individual

www.seattle.gov/util Seattle Biological Evaluation by City of Seattle
5-49



observed in May and June 2004 (Falcone et al. 2005), and an injured whale in July 2006.
These sightings include Puget Sound and the Georgia Basin (Falcone et al. 2005). The
number of humpback sightings reported to the Orca Network hasincreased from 3in
2001 to 30 in 2004. Today, 1 to 2 humpback whales typically come into Puget Sound
each year (J. Calambokidis, Cascadia Research, pers. comm.). Humpbacks observed in
Puget Sound do not remain for long periods and are generally considered to be stragglers.

5.7 Marbled Murrelet

5.7.1 Listing and Critical Habitat Designation

The marbled murrelet (Brachyramphus marmoratus) was
federaly listed as a threatened species in Washington,
Oregon, and northern California effective September 28, 1992
(USDI 1992). Extensive harvest of late-successional and old-
growth forests—the habitat preferred for nesting by

murrel ets—was the primary reason for the listing. Other
factors include high predation rates and mortality in gillnets
and oil spills.

Thefinal rule designating critical habitat for the murrelet (61 FR 26256, USDI 1996)
became effective on June 24, 1996. Thirty-two units totaling 3,887,800 acres (1,573,343
ha) were designated on federal, state, county, city, and private lands in Washington,
Oregon, and California. Of the 3,887,800 acres designated as critical habitat rangewide,
about 1,631,100 acres (600,085 ha) were designated in Washington state (1,800 acresin
Congressionally Withdrawn Lands, 1,200,200 acresin late successional reserves, 426,800
acresin state lands, and 2,500 acresin private lands) (USDI 1996). Most of these units
(78%) occur on federal lands; 21% on state lands, 1.2% on private lands; 0.2% on county
lands; and 0.003% on City lands. Critical habitat designations on state lands were
suspended upon completion of the WDNR Habitat Conservation Plan (USFWS 1997).
Therefore, about 99.8% of the critical habitat in Washington state is on federal lands.

The USFWS did not include the marine environment in the critical habitat designation
because other regulations protect the quality of marine foraging habitat and prey species.
While clean water and food in the marine environment were identified as essential to the
conservation of the murrelet, the primary threats to these elements are pollution, toxic
spills, and degradation of prey habitat. Commercia and recreational fishing did not
appear to be athreat to habitat at thistime. Several laws specifically regulate activities
that could result in pollution, toxic spills, or degradation of prey habitat in the marine
environment and attempt to reduce the risk of such events. These include the Clean Water
Act; the Marine Protection, Research, and Sanctuaries Act; and the Coastal Zone
Management Act. Therefore, the USFWS determined that these areas do not require
special management consideration or protection through designation as critical habitat.
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On September 12, 2006, the USFWS proposed to revise its 1996 designation of critical
habitat for the marbled murrelet. The proposed designation would reduce the amount of
critical habitat to 221,692 acres. The USFWS is proposing to exclude 3,368,950 acres
that is already protected under other existing regulations or plans. The proposed critical
habitat designation will be areas not covered by a management plan that provide
protection to the marbled murrelet and its habitat. Marine waters are not included as
proposed critical habitat.

5.7.2 Species Information

5.7.2.1 Life History

The marbled murrelet is a small seabird that feeds primarily on fish and invertebratesin
nearshore marine waters. Most marbled murrelets are found within or adjacent to the
marine environment, although these birds have been detected on rivers and inland lakes
(Carter and Sealy 1986). Marbled murrelets spend most of their lives on the ocean and
come inland to nest, although they visit some inland stands during all months of the year.
Marbled murrelets have been recorded up to 50 miles (80 km) inland in Washington
(Hamer and Cummins 1991). Marbled murrelets are not evenly distributed from the coast
to the maximum inland distances, with higher detections being recorded closer to the
coast. Hamer and Cummins (1991) found that over 90% of all observations were within
36 miles (60 km) of the coast in the northern Washington Cascades.

Marbled murrelets do not reach sexual maturity until their second year. Like other alcids,
adult marbled murrelets produce 1 egg per nest. Alcidstypically have avariable (not all
adults may nest every year) reproductive rate. Marbled murrel ets exhibit this same trend.

Adult marbled murrelets lay 1 egg on the limb of an old-growth conifer tree. Nesting
occurs over an extended period from mid-April to late September (Carter and Sealy
1987). Incubation lasts about 30 days and fledging takes another 28 days (Simons 1980,
Hirsch et a. 1981). Both sexes incubate the egg in alternating 24-hour shifts (Simons
1980, Singer et a. 1991). Flights by adults are made from ocean feeding areas to inland
nest sites most often at dusk and dawn (Hamer and Cummins 1991). The adults feed the
chick at least once per day, carrying 1 fish at atime (Carter and Sealy 1987, Hamer and
Cummins 1991, Singer et al. 1992). The young are altricial and remain in the nest longer
than young of most other acids. Before leaving the nest, the young molt into a distinctive
juvenile plumage. Fledglings appear to fly directly from the nest to the sea, rather than
exploring the forest environment first (Hamer and Cummins 1991).

Murrelets tend to be more vocal at sea compared to other alcids (Nelson 1997).
Individuals of a pair vocalize after surfacing apart from each other (Strachan et al. 1995).
V ocalizations among pairs also occur after a disturbance (Strachan et al. 1995). When
pairs are separated by boats, most will vocalize and attempt to reunite (Ralph unpub.
data, and Miller pers. comm. in Strachan et al.1995). Strachan et al. (1995) believe that
foraging plays amajor role in pairing and that some sort of cooperative foraging
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technique may be being employed. Thisis evidenced by the fact that most pairs of
murrelets consistently dive together during foraging and that they often swim towards
each other before diving (Carter and Sealy 1990). Pairs of birds resurface together on
most dives, and Strachan et al. (1995) suggest that they may keep in visual contact
underwater.

Strachan et al. (1995) definesa‘flock’ as 3 or more birds in close proximity and
maintaining that formation when moving. Various observers throughout the range of the
murrelet report flocks of highly variable sizes. In the southern portion of the murrelet’s
range (California, Oregon, and Washington) flocks rarely contain more than 10 birds.
Larger flocks usually occur during the later part of the breeding season and may contain
juvenile and subadult birds (Strachan et a. 1995).

Aggregations of foraging murrelets are probably related to concentrations of prey. In
Washington, murrelets are not generally found in interspecific feeding flocks (Strachan et
al. 1995). Strong and others (in Strachan et al. 1995) observed that murrelets avoid large
feeding flocks of other species and presumed that the small size of murrelets may make
them vulnerable to kleptoparasitism or predation in mixed species flocks. Strachan et al.
(1995) pointed out that if murrelets are foraging cooperatively, then the confusion of a
large flock of birds might reduce foraging efficiency.

At-sea courtship beginsin early spring, continues through summer, and has also been
noted in winter (Speckman 1996 and G. van Vliet pers. comm. in Nelson 1997). A sharp
increase in the number of pairs displaying occursin late July. Courtship involves bill
posturing, swimming together, diving synchronously, vocalization, and chasing in flights
just above the surface of the water. Copulation occurs both in trees and on the water
(Nelson 1997). Observations of courtship occurring in the winter suggest that pair bonds
are maintained throughout the year (Speckman 1996, and G. van Vliet pers. comm. in
Nelson 1997).

Adult (after-hatch-year) murrelets have 2 primary plumage types: aternate plumage and
‘basic’ plumage. The alternate plumage is sometimes referred to as breeding plumage and
the basic plumage is often referred to as winter plumage. Adult murrelets go through 2
periods of molt. The pre-alternate molt occurs before the breeding season. Thisisan
‘incomplete’ molt during which the birds lose their body feathers but retain their ability
to fly. A complete pre-basic molt occurs after the breeding season. During this molt, the
birds lose al flight feathers relatively synchronously and are flightless for up to 2 months
(Nelson 1997).

Timing of molts varies from year to year and from location to location, as well as among
individuals. Factors such as prey resources, stress, and reproductive success influence the
timing (Nelson 1997). In general, the pre-alternate molt occurs from late February to
mid-May, and prebasic molt occurs from mid-July through December (Carter and Stein
1995). However, in Washington, there is some indication that the pre-basic molt occurs
from mid-July through the end of August (C. Thompson, WDFW, pers. comm. 2003).
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5.7.2.2 Habitat Requirements

Marbled murrelets use older forest stands near the coastline for nesting. These forests are
generally characterized by large trees (> 32 inches [80 cm] diameter at breast height),
multi-storied stand, and a moderate to high canopy closure. In certain parts of the range,
marbled murrelets are a so known to use mature forests with an old-growth component.
Trees must have large branches or deformities for nest platforms (Binford et al. 1975,
Carter and Sealy 1987, Hamer and Cummins 1990, 1991; Singer et a. 1991, 1992).
Marbled murrelets tend to nest in the oldest trees in the stand.

It isdifficult to locate individual nests for a species that may only show activity near its
nest once per day, and may do so under low light conditions. Therefore, occupied sites or
suitable habitat become the most important parameters to consider when evaluating
status. Strong indicators of occupied habitat are active nests, egg shell fragments or
young found on the forest floor; birds seen flying through the forest beneath the canopy;
birds seen landing; or birds heard calling from a stationary perch.

Marbled murrelets more commonly occupy old-growth forests compared to mixed-age
and young forests in Washington. Stand size is aso an important factor for marbled
murrelets. They commonly occupy larger stands (> 500 acres [202 ha]). Marbled
murrelets are usually absent from stands | ess than 80 acres (24 ha) in size (Paton and
Ralph 1988, Ralph et al. 1990). In Washington, marbled murrelets are found more often
when available old-growth, mature forests make up over 30% of the landscape. Similarly,
fewer murrelets are found when clearcut or meadow areas make up more than 25% of the
landscape (Hamer and Cummins 1990).

Concentrations of marbled murrel ets offshore are amost always adjacent to older forests
onshore. Nelson (1990) and Ralph et al. (1990) found marbled murrelets were absent
offshore where onshore older forests were absent. Large geographic gapsin offshore
marbled murrelet numbers occur in areas such as that between central and northern
Cdlifornia (a distance of 300 miles[480 km]), and between Tillamook County, Oregon,
and the Olympic Peninsula (a distance of 120 miles[190 km]), where nearly all older
forest has been removed near the coast.

Although nesting occurs inland, murrelets spend most of their livesin marine waters
(USDI 1992). Most surface timeis spent loafing, preening, and wing stretching (Strachan
et a. 1995). Marine habitat is also used for courtship activity from early spring through
summer (Nelson 1997).

During the summer, murrelets primarily use bays, inlets, fjords, and open ocean within
3.1 miles (5 km) of shore and usually occur in widely dispersed concentrations of singles
or pairs of birds (Nelson 1997). In Washington, murrelets are generally foraging in
shallow waters within 1.2 miles (2 km) of shore (Strachan et al. 1995). Murrelets
aggregate where food is clumped, but will otherwise avoid other individuals while
feeding (Carter and Sealy 1990). Juveniles are found closer to shore than adults (rarely
>0.6 miles[1 km] offshore) (Beissinger1995). During the breeding season, some feeding
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areas, referred to as ‘traditional nurseries are used consistently on a daily and yearly
basis (Carter and Sealy 1990). Kuletz and Piatt (1999) found that in Alaskajuvenile
marbled murrelets congregated in kelp beds (Nereocystis sp.). Kelp beds are often
associated with productive waters and may provide protection from avian predators
(Kuletz and Piatt 1999). McAllister (unpub. data, in Strachan et a. 1995) found that
juveniles were most common within 3,228 feet (100 m) of shorelines, particularly where
bull kelp was present, and that the juveniles were less wary and more approachable by
boat.

Little is known about the murrelet’ s marine-habitat preference during spring and fall, but
isthought to be similar to that preferred during breeding (Nelson 1997). Few data are
available on winter use of marine habitats. There may be a general shift from exposed
outer coasts into more protected waters (Nelson 1997).

Diet

Murrelets use their wings for swimming underwater in pursuit of prey and can diveto
great depths within nearshore waters. The deepest record of a marbled murrelet was from
abird captured at 89 feet (27 m) in agill net (Carter and Erickson 1992). They seem to
prefer shallow water (<196 feet [60 m] deep), but are known to forage in water up to
1,312 feet (400 m) deep (Nelson 1997). Prey is captured throughout the water column,
including near the bottom (Sanger 1987 in Nelson 1997).

Throughout their range, murrel ets are opportunistic feeders, using prey of diverse sizes
and species. When feeding chicks, adult murrelets are restricted to selecting single fish
that range from 0.8 to 2.4 inches (2-6 cm) long. This restriction forces breeding adults to
exercise more specific foraging strategies when feeding chicks. As aresult, the
distribution and abundance of prey suitable for feeding chicks may greatly influence the
overall foraging behavior during the nesting season. The availability of abundant forage
fish during the nestling period may significantly reduce the energy demand on adults by
reducing both foraging time and number of tripsinland for feeding nestlings (USDI
1992).

Throughout the breeding season, the primary fish species taken include Pacific sand lance
(Ammodytes hexapterus), northern anchovy (Engraulis mordax), Pacific herring (Clupea
harengus), capelin (Mallotus villosus), surf smelt (Hypomesus sp.), and viviparous
seaperch (Cymatogaster aggregata) (Nelson 1997). In winter and spring the dominant
prey are euphasiids (e.g., Thysanoessa sp. and Euphausia sp.), mysids (e.g.,
Acanthomysis sp., and Neomysis sp.), gammarid amphipods, capelin, smelt, and herring
(Burkett 1995 in Nelson 1997).

Some foraging occurs at night but murrelets forage most actively in morning and late
afternoon (Strachan et al. 1995). Speckman et al. (2000) found murrelet numbers highest
in the morning, declined throughout the day, and then sometimes increased dightly in the
evening. They also noted that peak numbers occurred on high or falling morning tides,
especially in areas with abundant Pacific sand lance.
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Predation

Primary threats to murrelets in the marine environment are entanglement in nearshore
fisheries nets and marine pollution. Other threats to murrelets in the marine environment
include capture by fishing lures (documented in British Columbia and California), and
annoyance and/or flushing by boats, commercial machinery, and recreational activitiesin
important feeding areas (USDI 1992). Recently documented fish kills from pile driving
have raised concern over the slight-to-severe impacts to murrelets that may occur as the
result of some marine construction activities.

Large nearshore net fisheries occur in Washington and California. Mortality of seabirds
from nearshore net fisheries can have serious impactsto local seabird populations. Net-
caused mortalities of marbled murrel ets have been documented in Alaska, Washington
and California. Despite efforts to reduce net-caused mortality, it islikely that net
mortality has had and still may have substantial impacts on murrelet populations,
especially in Puget Sound (USDI 1992).

Mortality and reduced breeding success of seabirds due to marine pollution is well-
known. In the 1900s, large oil spills have killed millions of seabirds worldwide. Because
marbled murrelets use nearshore waters extensively, they are highly susceptible to the
impacts of oil spills. Marine pollution may affect murrelets as well, though the effects
have not been fully investigated (USDI 1992).

5.7.3 Species Occurrence in Action Areas

Marbled murrelets are not believed to use the marine waters of the action areas. Forested
habitat within the action areas are early-to-late successional forest and therefore not
expected to be used by marbled murrelets. Also alarge portion of the Seattle action areas
is urbanized, thereby not providing habitat for marbled murrelets.

5.8 Puget Sound Steelhead

5.8.1 Listing and Critical Habitat Designation

Puget Sound steelhead (Oncor hynchus mykiss)
were listed as threatened under the ESA on May
11, 2007 (72FR26722). NMFS determined that
naturally spawned winter- and summer-run
steelhead populations have had widespread
declines in abundance over the last 9 years (since 1996 when NMFS determined that the
Puget Sound Steelhead did not warrant listing). The rule protects anadromous O. mykiss
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bel ow longstanding impassable manmade and natural barriers. NMFS will identify areas
that may warrant designation as critical habitat in a separate rulemaking decision.

5.8.2 Species Information

5.8.2.1 Life History

Oncor hynchus mykiss exhibit a complex suite of life-history traits. Even within the
confines of Puget Sound and the Strait of Georgiathere are considerable life-history
variations. Resident O. mykiss, commonly called rainbow trout, complete their lifecycle
completely in freshwater. Anadromous O. mykiss, or steelhead, may reside in freshwater
for up to 7 years before migrating to the ocean for 1 to 3 years. Under some
circumstances, O. mykiss apparently yield offspring of the opposite life-history form (i.e.,
steelhead offspring become resident rainbow trout, and resident rainbow trout offspring
become anadromous steelhead). In contrast with other species of Pacific salmon, O.
mykiss are iteroparous, capable of repeat spawning.

There are 2 mgjor life-history types—stream-maturing and ocean-maturing—expressed
by anadromous O. mykiss, related to the degree of sexual development at the time of
adult freshwater entry (Smith 1969, Burgner et al. 1992). Stream-maturing steelhead, also
called summer-run steelhead, enter freshwater at an early stage of maturation, usually
from May to October. These summer-run steelhead migrate to headwater areas and hold
for several months prior to spawning in the spring. Ocean-maturing steelhead, also called
winter-run steelhead, enter freshwater from November to April at an advanced stage of
maturation, spawning from March through June. While there is some temporal overlap in
spawn timing between these forms, in basins where both winter- and summer-run
steelhead are present, summer-run steelhead spawn farther upstream, usually above a
partialy impassable barrier (Behnke 1992, Busby et al. 1996). In many cases it appears
that the summer migration timing evolved to access areas above a series of fallsor
cascades that present a velocity barrier to migration during high winter flow months
(especialy in rain and snow driven basins), but are passable during low summer flows.
The winter-run of steelhead is the predominant run in Puget Sound, in part because there
arerelatively few basinsin the Puget Sound ESU with the geomorphological and
hydrological characteristics necessary to establish the summer-run life history. The
summer-run steelhead’ s extended freshwater residence prior to spawning resultsin higher
prespawning mortality levels than those of winter-run steelhead. This survival
disadvantage may explain why winter-run steelhead predominate where no migrational
barriers are present (D. Rawding, WDFW, pers. comm. in BRT 2005) or freshwater
migration distances to saltwater are |less than 137 miles (200 km).

Steelhead spawn in late winter through spring beginning as early as January and ending
in June. Peak spawning usually occursin April and May. Females dig redds and deposit
eggsin the gravel. Eggs hatch after 35 to 50 days depending upon water temperature.
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Alevinsremain in the gravel 2 to 3 weeks until their yolk sac is absorbed and then
emerge as fry and begin to actively feed.

Most steelhead juvenilesreside in freshwater for 2 years before emigrating to marine
habitats, with limited numbers emigrating as 1 or 3-year old smolts. Smoltification and
seaward migration occur principally from April to mid-May (WDF et a. 1973). Two-
year-old naturally produced smolts are usually 5 to 6 inches (140-160 mm) long
(Wydoski and Whitney 2003, Burgner et a. 1992). The inshore migration pattern of
steelhead in Puget Sound is not well understood; it is generally thought that steelhead
smolts move quickly offshore (Hartt and Dell 1986).

Steelhead oceanic migration patterns are poorly understood. Evidence from tagging and
genetic studies indicates that Puget Sound steelhead travel to the central North Pacific
Ocean (French et al. 1975, Hartt and Dell 1986, Burgner et al. 1992). Puget Sound
steelhead feed in the ocean for 1 to 3 years before returning to their natal stream to
spawn. Typically, Puget Sound steelhead spend 2 years in the ocean.

5.8.2.2 Factors for Decline

The following factors have contributed to the decline of Puget Sound steelhead
populations identified in the listing rule:

Reduction or elimination of historically accessible habitat due to water diversions
for agriculture, flood control, domestic, and hydropower purposes.

Degradation, simplification, fragmentation, and losses of habitat from forestry,
agriculture, mining, and urbanization.

Destruction or modification of estuarine areas have resulted in the loss of
important rearing and migration habitats.

Sedimentation and degraded water quality from extensive and intensive land use
activities (e.g., timber harvests, road building, livestock grazing, and
urbanization).

Migration barriers and habitat modification (hydrology, temperature, gravel and
large woody debris recruitment) from large dams and other humanmade barriers.

Alteration of hydrologic, sedimentation, and stormwater pollution by loss of
riparian vegetation and soils from urbanization.

Loss and reduction of river braiding and sinuosity through land devel opment.

Inadequacy of existing regulatory mechanismsto reduce risks from habitat
degradation from land-use activities and hatchery operations.

Increased risksto natural populations as a result of food resource competition,
increased predation, reduced genetic diversity and reproductive fitness through
interbreeding, and masking of trends in natural populations through the straying
of hatchery-origin fish onto spawning grounds and other fish hatchery operations.
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5.8.2.3 Habitat Requirements

Steelhead use a variety of habitats throughout the freshwater portion of their life history.
Small tributary streams with steep gradient (3-5%) are used for spawning and juvenile
rearing (Oregon Department of Fish and Wildlife 1998). Substrate sizes no larger than 10
inches (10.2 cm) are preferred for spawning (Bjornn and Reiser 1991). Aswith all
salmonid species, water temperatures and intra-gravel flow are al'so important for
spawning and incubation. Water temperatures below 59° F (15° C) are preferred for
spawning and incubation (Oregon Department of Fish and Wildlife 1998; Myrick and
Cech 2001). Intra-gravel flow provides oxygen and removes metabolic waste. Substrates
with low percentages (< 10%) of fines (< 0.12 in. [0.3 cm]) provide optimal gravel
conditions for spawning and incubation (Raleigh et a. 1986). Water depths required for
spawning vary, but range from afew inches to several feet (Bjornn and Reiser 1991,
Healey 1991).

After fry emerge from the gravels, they seek complex habitat of boulders, rootwads, and
woody material along the stream margins (Oregon Department of Fish and Wildlife 1998,
Paron and Nelson 2001). Juvenile steelhead are year-round residents and water velocity is
very important in determining habitat utilization (Placer County 2003). Shallow riffles
with higher flows are used in the summer (Barnhart 1986), and all flows are used during
the winter (Oregon Department of Fish and Wildlife 1998). Juvenile steelhead feed on
invertebrates and, therefore, seek habitats (substrate and flows) that minimize energy
expenditure (Placer County 2003).

Asjuveniles get older and larger they move downstream to rear in larger tributaries and
mainstem rivers. Undercut banks, large woody debris, and boulders are al utilized by
larger juveniles. Juvenile steelhead may stay in freshwater for up to 3 years before
moving into the estuary and migrating out to sea. Smolt transformation requires cooler
temperatures (43°-50° F or 6.1°-10° C) than rearing (63°-77° F or 17.2°-25°C) (Placer
County 2003). Steelhead spend little time in estuaries prior to heading out to sea (Oregon
Department of Fish and Wildlife 1998, Emmett et al. 1991 in KCDNR 2001).

In estuaries, juvenile steelhead feed on gammarid amphipods, small crustaceans, insects,
aguatic worms, fish eggs, and small fish. In marine waters, juvenile and adult steelhead
eat fish, crustaceans, squid, herring, and insects (Emmett et al. 1991 in KCDNR 2001).

5.8.3 Species Occurrence in the Action Areas

5.8.3.1 Lake Washington Ship Canal, North Lake
Washington, South Lake Washington

The Lake Washington Ship Canal, North Lake Washington, and South Lake Washington
action areas are combined because they comprise the western portion of the Lake
Washington basin. The Lake Washington steelhead stock includes spawning populations
in tributaries to Lake Washington, Cedar River, Lake Sammamish, and the Sammamish
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River (WDF et al. 1993). Geographical isolation exists between spawning populationsin
at least 8 tributaries, but the degree of straying/mixing between these populationsis
unknown.

Current Range

Within the tributaries of the Ship Canal, North Lake Washington, and South Lake
Washington action areas, Puget Sound steelhead is limited to Thornton Creek. There have
been 2 confirmed sightings of adult steelhead in Thornton Creek since 2001 (McMillan
2006). Steelhead are also found in Lake Washington and the Ship Canal.

A single stock of winter steelhead is found within Lake Washington (WDF et al. 1993).
The Lake Washington stock statusis considered depressed because of the steep declinein
numbers (18% annual decline) and the low population growth rate (NMFS 2005). The
winter steelhead population has steadily decreased since the mid-1980s (Kerwin 2001).
Adult Lake Washington winter steelhead have experienced a high rate of predation by
Cdlifornia sealions (Zalophus californianus) below the fish ladder at the Locks (up to
60% ) (Kerwin 2001).

The Lake Washington basin winter steelhead escapement estimates for 1983/84 through
1998/99 (Kerwin 2001) are shown in Figure 4.
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Lake Washington basin winter steelhead escapement estimates for 1983/84 to
1998/99

Adult steelhead begin migrating upstream through the Locks beginning in October
(NMFS 2005). Smolts migrating to Puget Sound go through the Locks in mid-June to

early July (Kerwin 2001). For Chinook salmon, smolts may remain in the Locks area for
days to weeks while steel head smolts may move through the Locks in hours or days.
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Thornton Creek

Only 2 adult steelhead have been documented in Thornton Creek since the City of Seattle
began spawning surveysin 2001, including weekly surveys after 2002. The 2 sightings
include the following: a 20- to 21-inch (51-53 cm) male carcassin the mainstem
downstream of 45™ Avenue NE on February 7, 2002, and a 26-inch (66 cm) female
carcass in the lower 1,500 ft (457 m) of the North Branch on March 30, 2004 (McMillan
2006). Although possible steelhead redds and live fish were documented in Thornton
Creek from 2001 through 2004, it is likely that most of these were large adfluvial
cutthroat trout from Lake Washington, which commonly spawn in Thornton Creek in the
winter and spring (McMillan 2006). Adult steelhead were observed in Thornton Creek in
1991, 1992, and 1995 (Kerwin 2001). Historically, Thornton Creek probably had
steelhead (Trotter 2002). In addition, Thornton Creek received state releases of hatchery-
reared rainbow and cutthroat trout on and off from 1937 to 1982, including steelhead
from the Seward Park hatchery in 1937 (WDFW fish stocking records).

Drainages Outside of City Limits

Steelhead are found in a number of Lake Washington and Sammamish River tributaries
including Bear Creek, Little Bear Creek, North Creek, Swamp Creek, May Creek, Mercer
Slough, and Evans Creek. Abundance of steelhead within these tributariesis unknown
(Kerwin 2001, NMFS 2005).

5.8.3.2 Lower Green/Duwamish

Current Range

Two stocks of Puget Sound steelhead are found within the Green/Duwamish rivers, a
summer-run and awinter-run stock. Both populations were considered healthy in 1992
(WDF et a. 1993). The summer run is a non-native stock sustained by a mixture of
artificial and natural production, while the winter run is a native stock, also sustained by a
mixture of artificial and natural production. Population trends of Green River wild winter
steelhead in the early 1990s began a steady decrease (KCDNR and WSCC 2000).

The Green/Duwamish River winter steelhead escapement estimates for 1977/8 through
1998/9 are shown on Figure 5. No escapement data are available for 1996/97 due to poor
water visibility (KCDNR and WSCC 2000).
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Figure 5
Green/Duwamish River winter steelhead escapement estimates for 1977/8 to 1998/9

Timing of steelhead migration, spawning/incubation, and rearing varies with the summer-
and winter-run stocks. The summer-run stock’ s upstream migration ranges from April
through October, while the winter-run stock ranges from November through May.
Spawning for the summer-run stock begins at the end of January and continues through
March. The winter-run stock begins spawning in February and ends at the end of June.
Incubation begins at the time of spawning and continues through July for the summer-run
and August for the winter-run stock. Because of the steelhead life history, juvenile
rearing is found throughout the year. Outmigration of juveniles beginsin the middle of
March and continues to the middle of July for both stocks (KCDNR 2001).

The run size for the winter-run steelhead stock in the Green/Duwamish River was 12,000
to amost 14,000 in 1977 to 1979 and has declined to 3,000 to 4,500 in 1997 and 1998,
respectively (KCDNR 2001). Even with the decline in numbers of the Green/Duwamish
steelhead, WDFW considers the stock to be healthy (KCDNR 2001).

5.8.3.3  North Seattle/Puget Sound, Elliott Bay, and
South Seattle/Puget Sound

The North Seattle/Puget Sound, Elliott Bay, and South Seattle/Puget Sound action areas
are combined because they border Puget Sound. In Puget Sound, nearshore marine waters
are important for juvenile salmon rearing, growth and migration (Mavros and Brennan
2001, Williams et a. 2001, Brennan et a. 2004, Nelson et al. 2004). Nearshore areas also
provide spawning habitat for forage fish, which are important prey for steelhead.
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Current Range

Observations of steelhead are spotty and confined to nearshore habitats. Steelhead have
been observed south of Elliot Point, off Golden Gardens, in Shilshole Bay, at Alki Point,
and within Elliott Bay at the mouth of the Duwamish River (KCDNR 2001). In arecent
study of the nearshore habitat in WRIAs 8 and 9 (including Vashon and Maury Idandsin
WRIA 9), 591 beach seine samples were collected in 2001 and 2002 (KCDNR 2001).
Almost 34,000 salmonids were caught and of these, only 9 were steelhead (Brennan et al.
2004). These steelhead were captured from May through August with no steelhead
caught in April, September, October, or December. Samples were not collected in
November, or January through March. Of these 9 steelhead, 3 were captured within the
action area; 2 were caught at Lincoln Park in 2001, and 1 was caught at Carkeek Park in
2002.

Tributary Use

Puget Sound steelhead historically had runs in some of the smaller tributaries to Puget
Sound, such as Piper’s Creek (Kerwin 2001). However, these runs have become extinct.
Currently, no steelhead are known to use any of the tributary streams that enter directly
into Puget Sound.

Table 5-3 on the next page provides a quick reference for listed species and designated
critical habitat within the City of Seattle action areas and selected wetlands.
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Table 5-3

Quick reference for ESA-listed species and critical habitat in the Seattle action areas. (Shading indicates presence in action area)

Puget Sound Coastal-Puget Bald Eagle Killer Whale | Steller Sea Lion | Humpback Whale | Marbled Puget Sound
Chinook Sound Bull Trout Murrelet Steelhead
Salmon
Action Area * M *
s 7
) Critical ) Critical
Fish Habitat Fish Habitat
Elliott Bay
Ship Canal
Lower

Green/Duwamish

North Seattle
/Puget Sound

North Lake
Washington

Thornton Creek

South
Seattle/Puget
Sound

South Lake
Washington
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